UNITED STATES MARINE CORPS

MARINE CORPS BASE .
QUANTICO, VIRGINIA 22134-5001 IN REPLY REFER 70!

e = e 6280
E%‘@é B 046
}”T\ﬁ'\ 12 MAR 15 2001

Mr. Russell McAvoy, Jr., M.8., P.E éﬁg

Department of Environmental Quality (A2 20 2067

"P.O. Box 10009

Richmond, Virginia 23240-0009 Northara VA, Region

, Dapt. of Env. Ouallty
Dear Mr. McAvoy:

Please find enclosed two copies of the RCRA Closure/Post-
Closure and Contingent Closure Plan for the Charlie Demo Open
Burning/Open Detonation Site. This plan has been sent to
formally request approval of the closure plan.

If you have any questions or require additional informaticn,
please contact Mr. Mark Branca, P.E. at (703) 784-4041.

Sincerely,

B 0 Fe

BRUCE C. FRIZZELL

Head, Natural Resources and
Environmental Affairs Branch
By direction of

the Commanding General

Enclosure: 1. Two Copies, RCRA Closure/Post-Closure and
Contingent Closure Plan for the Charlie Demo Open
Burning/Open Detonation Site

Copy to:

Ms. Stephanie M. Canfield, Commonwealth of Virginia, Department
of Environmental Quality, Northern Regional Office, 13901 Crown
Court, Woodbridge, VA 22193-1453 (with enclosure)
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1.0 INTRODUCTION

11 PURPOSE AND SCCOPE

This Closure and Contingent Closure Plan (Closure Plan) has been prepared for the Resource
Conservation and Recovery Act (RCRA) regulated open burning/open detonation {OB/OD) site at the
Charlie (C)-Demo range at Marine Corps Combat Development Command {MCCDC) Quantico, Virginia.
The purpose of this document is to facilitate a delay of closure for the C-Demo OB/OD site because it is
located within an active military range. Although the C-Demo OB/OD site has not been used for the
treatment of waste munitions since 1988, the continued long-term use of the C-Demo range for military

training and testing activities is incompatible with final closure of the RCRA OB/OD site.

Preliminary sampling and analysis results for the C-Demo OB/OD site are presented in this Closure Plan
that indicate that delay of closure would not endanger human health and the environment, Additional

sampling will be conducted at the time of final closure as discussed in the Closure Plan.

MCCDC Quantico plans to use risk-based clean closure standards to achieve final closure of the C-Demo
OB/OD site. However, the Closure Plan also includes a Contingent Closure Plan and Contingent Post-
Closure Care Plan if closure with waste in place is necessary.

Although soil removal is anticipated to be the primary approach to achieve risk-based closure, the
feasibility of alternative remediation technologies will be evaluated at final closure including (but not
limited to) chemical stabilization and soil washing. These alternative remediation approaches would
require an amendment to the Closure Plan, Contingent Closure Plan, and/or Contingent Post-Closure

Care Plan.
12 " FACILITY POINT OF CONTACT

The point of contact for the Closure Plan for the C-Demo OB/OD site is as follows:

Point of Contact: NBREA Branch {(B0O46)
Address: 3250 Catlin Avenue
Quantico, VA
Telephone No.: 703-784-4041
6909 1-1 CTO 0293

ED_001691B_00019891



Rev. 0
02/26/01

The facility copy of the Closure Plan will be kept on file at the above-referenced location.

1.3 APPLICABLE REGULATIONS

This Closure Plan has been prepared to mest the requirements of Title 9 ~ Environment of the Virginia
Administrative Code (VAC) 20 - Virginia Waste Management, Chapter 60 — Virginia Hazardous Waste
Management Regulations (VHWMR) as applicable to the closure of miscellanecus units (i.e., the C-Demo
OB/OD site). The C-Demo OB/QD site did not receive interim status and has been inactive (regarding
RCRA-regulated OB/OD treatment of waste munitions) since 1988. The closure requirements for
miscellaneous units are included in 9 VAC 20-60-264 {adoption of 40 CFR 264 by reference). The
requirements for closure of miscellaneous units are specified in 40 CFR 264.600-603 (Subpart X). The
Closure Plan is consistent with the requirements for 40 CFR Subpart X. The Closure Plan is also
consistent with requirements for 40 CFR 264.110-120 (Subpart G) of 9 VAC 20-60-264 and 40 CFR
265.110-120 (Subpart Q) of 9 VAC 20-60-265.

1.4 CLOSURE PERFORMANCE STANDARDS

During the delay of closure period the C-Demo OB/OD unit will not endanger human health and the

environment (see Section 3.4). At final closure the C-Demo OB/OD site will be closed in a manner that:

® Minimizes the need for further maintenance;

s Controls, minimizes, or eliminates, to the extent necessary to protect human heaith and
the environment, post-closure escape of hazardous waste, hazardous constituents,
leachate, contaminated runoff, or hazardous waste decomposition products to the ground
or surface waters or to the atmosphere; and

o Complies with applicable VHWMR closure requirements.
Risk-based clean closure standards will be used for the final closure of the C-Demo OB/OD site.

However, it clean closure cannot be achieved then closure with waste in place will be implerented

commensurate with the Cantingent Closure Plan and Contingent Post-Closure Care Plan.

5909 1-2 CTO 0299
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2.0 SITE DESCRIPTION

2.1 LOCATION

The MCCDC Quantico installation is located approximately 35 miles south of Washington, D.C., and
approximately 75 miles north of Richmond, Virginia (Figure 2-1). The installation includes approximately
60,000 acres and lies within Prince William, Stafford, and Faugquier Counties. The installation is bounded
to the north by Cedar Run and Virginia State Route 646; to the east by the Potomac River; to the south by
Tank Creek, Aquia Creek, and Virginia State Route 610; and to the west by Darrel's Run and Virginia
State Route 612. The Base is divided into two sections: the Mainside Area, which is located to the east
of Interstate 95, and the combined training areas (Guad Area, which is located to the west of 1-95)
(Figure 2-2}.

The location of the C-Demo OB/OD site at the MCCDC at Quantico is illustrated in Figure 2-3. The
C-Demo OB/OD site represents only a portion of the C-Demo Area. The C-Demo area is comprised of
approximately 80 acres of cleared terrain characterized by three mounds (e.q., topographic highs) as
shown on Figure 2.4.

2.2 HISTORICAL AND FUTURE OPERATIONS

All three mounds at C-Demo have been used for OB or OD of ordnance and related types of activities.
The middle and north mounds are reported to have been only used for experimental and training type of
demoiition activities and thus, by definition, are exempt from RCRA and VHWMR regulations. This
Closure Plan is, therefore, limited to a portion of the south mound that was constructed in 1975 and used
for waste munition treatment and military operations until 1988. For the remainder of this Closure Plan
the C-Demo OB/OD site refers only to the portion of south mound shown Figure 2-4.

The south mound, according to available information, was used for OB/OD of waste explosives and
propellants.  Aclivities were conducted in pits and trenches that were subsequently backfilled with
previously excavated soil. Pits used for OD ranged in size from 10 feet in diameter by 5 feet in depth to
20 feet in diameter by 12 feet in depth. Trenches used for OB were approximately 35 to 40 feet long,
10 feet wide, and 5 feet deep. Small arms handled at the site were all less than 50 caliber. Based on the
available historical information, the potential exists for unexploded munitions (although uniikely), exploded
munitions products, burn residues, metals fragments, and possibly kerosene constituents {although
unlikely}.

6009 2-1 CTO 0299
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The OB/OD treatment of waste munitions at C-Demo was lerminated in 1988. However, MCCDC

Quantico plans to continue use of the south mound (as well as other areas at C-Demo) for various military

training, testing, and evaluation purposes. Near lerm uses for the C-Demo OB/OD site include:

e Depariment of Defense (DoD) EOD units and Federal Law Enforcement agencies

technical training using explosives and explosively actuated tools.

» Striping and inerting of explosive ordnance for training and research and development
projects.
® Demonstrations of force protection equipment and explosive effect for members of the

White House Staff and senior government officials.

s Suspect cargo staging area location.

Specific MCCDC plans for future use of this active range may vary based on changes in national defense
needs. These active range military activities at the C-Demo area are RCRA-exempt pursuant to the
Military Munitions Rules. Final closure of the OB/OD site will be conducted when the C-Demo area
(range) is closed, transferred, or transferring.

2.3 TCPOGRAPHY

Topography in the vicinity of the C-Demo site is generally characterized by gently rolling hills. The land
surface slopes gently to the southeast at an average of 20 feet per mile. MCCDC Quantico is located on
the Fall Line, the boundary between the Piedmont and the Atlantic Coastal Plain physiographic provinces.
The Fall Line in Virginia trends northeast-southwest and is located approximately 4 miles west of 1-95 in

the project area.

To the west of the Fall Line, the Piedmont province is characterized by moderately dissected, rolling hills
that generally slope from a maximum elevation of 600 feet above the mean sea level (msi) on its western

flank to approximately 250 feet above msl at the Fall Line.

The C-Demo OB/OD site located on a topographic high approximately 270 feet above mst as illustrated in
Figure 2-5.

6909 2-2 CTO 0298
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2.4 HYDROGEOLOGICAL SETTING

Site geology was determined from the five soil borings and three monitoring wells that were drilled (1991)
at the C-Demo OB/OD site. The lithology in the area of the site can generally be described as a mixture
of silts and clay with traces of fine sand and gravel throughout. It appears that reworked original material
of the mound, due to site operations, ranged from the surface to an 8-foct depth. This is illustrated by the
cross section of Figure 2-5. One of the soil borings (SB05) was advanced to the top of bedrock that was
encountered at about 21 feet. Bedrock consisted of a decomposed schist and was also encountered in
the three menitoring wells at depths ranging from 15 feet to 28 feet. Groundwater flows in a southeast

direction, as shown in the potentiometric contour map of Figure 2-6,

2.5 SURFACE WATER

MCCDC Quantico has numerous surface water drainage systems that generally flow fo the east and
southeast, and eventually empty into the Potomac River. The drainage systems on MCCDC Quantico
can be subdivided into six major watersheds: Quantico Creek, Cedar Run, Aquia Creek, Chopawamsic
Creek, Tank Creek, and Little Cresk.

Drainage systems in the Piedmont province generally have streams that flow swiftly where the soils are
thin and bedrock materials are often found at or just below stream botoms. Once streams cross to the
east of 1-95 and enter the Coastal Plain province, they generally become wider and slower. This change
is evidenced by the large estuaries, tidal flats, and marsh areas that exist east of I-95. 1t is likely that local

shallow groundwater flow systems discharge to the surface water bodies in these marsh areas.

Drainage from the C-Demo OB/OD site is expected to flow into Smith Lake (e.g., Aquia Reservoir). Some
local swales in the vicinity of the site may occasionally have some standing water. The C-Demo OB/OD

site is not within any 100-year flood impact zone.

26 - CLIMATOLOGICAL SETTING

The climate for the region is classified as a temperate humid climate with mild winters, hot summers, and
no distinct dry season. Mean temperature ranges from a monthly maximum of about 77°F in July to a
monthly minimum of about 37°F in January. The annual prevailing winds for the region are from the
south or south-southwest at a velocity of approximately 9 miles per hour, except for the winter months

when a northwesterly wind prevails. The mean annual precipitation is approximately 40 inches.
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. 3.0 WASTE CHARACTERIZATION

3.1 WASTE MUNITIONS

The C-Demo OB/OD site was used for the thermal treatment of a wide variety of conventional waste

munitions. Potential tems treated include the following munition categories.

. Small arms, fuzes, and primers
® Smokes and dyes
® Pyrotechnics
e High-explosive-loaded projectiles
® Risk control agents
® Grenades and mines
® Navy gun ammunition
. Special function projectiles (e.g., submunitions)
® Propellant charges
. Chemical munitions possibly treated at this facility were limited to:
- White phosphorus
® Red Phosphorus
s CS - "Pepper”
» HC - “Obscuring Smoke”

Munitions containing depleted uranium were not treated at the C-Demo OB/OD site.

Primary constituents of conventional waste munitions include the following:

® Energetics
s Metals
® Trace constituents

Table 3-1 presents a summary of the chemical composition of typical waste munitions items treated at the
C-Demo OB/OD site.
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TABLE 3-1

EXAMPLE CHEMICAL CONSTITUENTS OF ENERGETICS TREATED AT THE
CHARLIE DEMO OB/OD SITE
MCCDC, QUANTICO, VIRGINIA

Hazardous Material

General Hazardous Constituents

Composition B RDX 60%

(60/40 Cyclotol) TNT 30%
Wax 1%

Yellow or Red Smoke Grenades Lead compounds 0.1%
Crganic dye 11.11%-31.3%
Dextrin 2.76%-5.41%
Benzanthrone 0.24.44%
Sulfur 8.44%-12.36%

Potassium Chlorate
Sodium Bicarbonate 16.5%-32.92%
Barium compounds 0.24%

RDX 0.26%
Potassium.Perchlorate 0.06%

Nickel Powder 0.06%
Nitrocellulose 0%-1.93%

20.00%-31.9%

Iumination Mix

Magnesium
Sodium Nitrate
Binder

Various metals

Thermite

Ferric oxide
Powdered aluminum

Black Powder

Potassium nifrate 74.0%
Charcoal 15.6%

Sulfur 10.4%

Pyrotechnics

Oxygen or fluorine oxidizing agents; powdered
aluminum and magnesium fuels

Small Arms Nitrocellulose

Photo Flash Laminax 96.8%
Lupersol 3.0%
iron oxide 0.2%

TNT Trinitrotoluene

50/50 Pentolite PETN 50.0%

‘ TNT 50.0%

Nitrogel 200-25% nitroglycerin gelatinized with colllodion
cotton, ammonium nitrate, and a liquid aromatic
nitrocompound serving as a sensitizer

PETN Pentaerythrite tetranitrate

RDX (Cyclonite) Cyclotrimethylene-trinitramine

HC Grenades Hexachloroethane 44 9%

Lead compounds 0.06%
Zinc oxide 47.9%
Aluminum Powder 6.97%
Magnesium Powder 0.05%
6909 3-2 CTO 0299
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3.2

Potential OB/OD emissions can be summarized as follows;

OB/CD EMISSIONS

Primary emissions

+ Carbon dioxide
+ Nitrogen
+ Water vapor

Secondary emissions

+ Nitrogen dioxide
+ Nitrogen oxide

+ Carbon monoxide
+ Particulates

Potential trace emissions

+ Energetics

- Other semivolatiles
Metals

Sulfides

Cyanide

Chlorides

+ o+ + o+

Nitrates/nitrates

Volatile organics

+ o+ o+

Dioxins/furans

Rev. 0
02/26/01

Based on OB/OD emissions characterization tests conducted by the U.S. Army, the U.S. Environmentai

Protection Agency (USEPA) has concluded that most OB/OD emissions can be adequately represented

by the following analytes (USEPA, August 1998):

6909

Carbon dioxide/carbon monoxide
Nitrogen dioxide/nitrogen oxide
Saturated hydrocarbons {e.g., ethane, propane, butane)

Acetylene, ethyiene, and propane

CTO 0299
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® Benzene
® Toluene
® Particulates

Proposed target analytes {based on waste munition composition and OB/OD emissions information) for
the sampling program at final closure are identified in Appendix D. These target analytes listed in
Appendix D represent potential hazardous constituents of concern (HCOCs) for closure of the C-Demo
OB/OD site.

33 MAXIMUM WASTE INVENTORY

The maximum inventory of waste munitions treated during the active fife of the C-Demo OB/QD treatment
site cannot accurately be determined. Records of disposal actions are incomplete and the amount and
type of munitions treated were dependent on many factors including:

® Misfire rate of ordnance.

* End use of misfired ordnance. Not all ordnance was destroyed. Some items were sent

for rework while some items were used for other training missions.
- Amounts of ordnance used and frequency of training.

The start-up date for OB/OD treatment activities at C-Demo is not known but activities ceased in 1988 as
a result of a Compliance Evaluation Inspection in January of that year. Waste munitions were not stored
or accumulated at the OB/OD site. Therefore, the maximum onsite inventory of most munitions
corresponds to the maximum treatment event. (However, as noted above OB/OD treatment records are
incomplete). Waste materials were transported to the site on the day of treatment and treated upon
arrival. No untreated munitions remain at the site. Although the C-Demo OB/OD site has been routinely

cleared, there is the potential for the presence of some UXO, munition components, and shrapnel.

It is not possible at this time to accurately estimate the quantity of soil that may require remaval at final
closure (based on risk-based clean closure standards) or the nature of the wastes (if any) that may be
generated during closure activities. However, based on the 1991 preliminary site investigation Toxicity
Characteristic Leaching Procedure (TCLP) results for lead, the volume of soil for removal is estimated to

be less than 100 cubic yards.

6909 3-4 CTO 0299
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The sampling and analysis activities described in Section 4.4 and 4.5 of this Closure Plan will facilitate (at
final closure) the characterization of the extent of contamination of the OB/OD site and identify the need
for any soil excavation and remeoval. An accurate estimate of the quantity of solid and hazardous waste
requiring remediation will be provided to VADEQ upon completion of this site investigation. Wastes
generated during any remedial activities may consist of contaminated soils and items, such as UXO,
munition components, and metallic shrapnel {these wastes may have been generated by past OB/OD
treatment activities or military training and testing activities at the C-Demo range). Information on the
methods for removing, transporting, storing, and disposing of closure wastes is provided in Section 4.6 —
4.9 of this Closure Plan.

Based on preliminary sampling results for the C-Demo OB/OD site only limited “hot spot” areas within the

site are expected to require soil removal.

34 PRELIMINARY CHARACTERIZATION INVESTIGATION RESULTS

A preliminary characterization investigation was conducted at the C-Demo OB/COD site in 1981, The
objective of this investigation was to characterize the nature and extent of contamination (if any) at the
site to support preparation of Closure Plan documents. The investigation included the following (refer to
Figure 3-1):

® Five soil borings at the mound and one background boring {(surface to a maximum of 21.5
feet).

- Two downgradient and one upgradient groundwater monitoring wells {(a third
downgradient welt was installed but not sampled).

e One surface water sample (i.e., from a downgradient swale).

® Four sediment samples {nearby surface water drainage swale),
The primary target analytes for these environmental samples were energetics and Target Analyte List
{TAL) metals. Three soil samples, including two suspected hot spots, were analyzed for total petroleum
hydrocarbons {due to the possibility of kerosene use on site) and total organic carbon. The potential hot

spot soil samples were also subject to TCLP extraction procedures and the resulting leachate was
subsequently analyzed for TAL metals.
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Analytical data for the 1991 preliminary investigation are provided in Appendix A and baring logs/well

construction diagrams in Appendix B.

The 1991 sampling results have been evaluated using the most current USEPA Region Il risk-based
concentrations (RBCs) (April 13, 2000). Safe Drinking Water Act (SDWA) Maximum Contaminant Lavels
{MCLs) and VADEQ Alternative Concentration Limits (ACLs) (VADEQ, 1999) as appropriate. These

screening criteria include the following:

» Soil reference concentrations (used to evaluate soil and sediment samples)
+ USEPA Region lll RBCs for Industrial exposures (conservative for current and
future military training activities at the site)
+ USEPA Region Il RBCs for Residential exposures (used for comparative
purposes only)

° USEPA Region Hl Soil screening levels (i.e., potential to migrate to groundwater)
+ Ditution attenuation factor (DAF} of 1 applicable to sites with shallow water tables
or source size greater than 30 acres.

+ DAF of 20 applicable as a default value for other site conditions.

° Drinking water screening values {used to evaluate groundwater and surface water).
Drinking water criteria selection was based generally on the hierarchy followed by
VADEQ for establishing Groundwater Protection Standards in RCRA permits. The
following criteria were considered in descending order as available for individual

constituents.

+ SDWA MCLs

+ VADEQ ACLs

+ USEPA Region Il RBCs for Tap Water Ingestion

Industrial human health soil screening criteria are currently appropriate for the C-Demo OB/OD site
because military training activities will continue at this location. Groundwater depth at the site ranges
from 24 to 32 feet and the source area is only about 4 acres. Thus, the appropriate soil screening levels
(relative to potential migration from soil to groundwater) are within the range of values presented for DAF
1 and 20 site conditions. TCLP standards were also used to evaluate the leaching potential of soil hot

spot areas.
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A comparison of the 1991 sampling data resuits with the referenced screening criteria is provided in

Appendix C. A summary of these results is presented in Table 3-2 and as {ollows:

6909

2,4-DNT exceeded the soil screening levels (for both DAF 1 and 20) based on potential
for migration from soil to groundwater. But 2,4-DNT was not detected in the groundwater
samples. Therefore, 2,4-DNT is considered a potential HCOC for the C-Demo OB/CD
site.

Arsenic basewide background for soils exceed human health screening criteria. Arsenic
soil and sediment samples from the C-Demo OB/OD site also exceeded screening
criteria but groundwater and surface water results did not exceed drinking water criteria.

Thus, arsenic is considered a potential HCOC for this site.

Barium, cadmium, chromium, and silver soil samples exceeded potential migration to
groundwater soil screening levels. However, groundwater and surface water sample
results for these constituents were less than the drinking water screening criteria.
Therefare, these constituents are considered as potential HCOCs for the C-Demo OB/OD
site.

Basewide soil background as well as samples at the C-Demo OB/OD site for iron
exceeded residential (but not industrial) risk-based screening criterion for soils. However,

only the industrial criterion is applicable at this military training site.

Manganese downgradient, unfiltered groundwater results exceeded drinking water
screening criteria. But filtered groundwater samples did not exceed screening criteria for
this constituent. Therefore, the migration potential for iron is minimal based on
groundwater data and for manganese based on the significant ditference between filtered
versus unfiltered groundwater results. They are considered potential HCOCs for the C-
Demo OB/OD site,

The residential risk-based soil screening criterion (based on supplemental USEPA
Region 9 Preliminary Remediation Goals) for lead was exceeded but confined to limited
subareas. However, the industrial screening criterion for lead in scil (applicable to the
site based on use for military training) was not exceeded. Although the TCLP lead
results for some limited soil subareas exceeded the RCRA toxicity characteristic criterion

for classification of hazardous waste, {lead concentrations from groundwater surface
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water, and sediment samples were acceplable indicating that infiltration o groundwater
or overland transport is not significant. Therefore, for conservatism lead is a potential

HCOC for this site that will be further evaluated at final closure but is not a hazard during

the delay of closure period.

in summary, lead is the primary HCOC relevant to the final closure for the C-Demo OB/OD site. Some
potential hot spots of lead (based on the TCLP criterion) may be considered as hazardous wastes
potentially requiring remediation or installation of a landfill cap at the time of closure. However, lead
concentrations in the soil have not impacted groundwater or surface water quality acceptability at the site.

In addition, sediment data indicates overload transport is not a significant migration pathway.

Based on the consideration discussed in this section it can be concluded that delay of closure of the
C-Demo OB/OD site can be accomplished without endangerment to human health and the environment
(because no significant onsite contamination source exists and the potential for offsite migration at

concenfrations of concern is minimal}.
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4.0 CLOSURE PROCEDURES

4.1 CLOSURE OVERVIEW

The following measures will be implemented at the C-Demo OB/OD site during the delay of closure

period;
» Maintenance of a vegetation cover to mitigate the potential for overland runoff.
® Routine mowing of the vegetation cover to facilitate identification of surface UXO.
. Routine surface UXO clearance commensurate with future range use (i.e., military
training and testing activities).
® Close/abandon the four monitoring wells at mound (1) prior to resuming training in that
area.
. Procedures for final closure of the site have been summarized below in steps. A detailed description of

each step is provided in Sections 4.2-4.9,

® Step 1 - Develop and implement a Site Health and Safety Plan {Section 4.2).
. Step 2 — Mobilization and site preparation (Section 4.3).
® Step 3 — Conduct a sampling and analysis program to characterize the nature and extent

of contamination (Section 4.4).

. Step 4 — Statistically evaluate the sampling and analysis data and develop risk-based
closure standards {Section 4.5).

. Step 5 — Subsurface UXO clearance (Section 4.6).

® Step 6 - Excavation of contamination soil and restoration of the disturbed area
{Section 4.7)

6808 4-1 CTO 0288
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J Step 7 - Decontamination of personnel and equipment {Section 4.8)
* Step 8 —~ Waste analysis and disposal (Section 4.9)
) Step 9 — Submit certification of closure (Section 5.1) and closure report {Section 5.2)

The closure schedule is presented in Section 5.3. If closure conditions warrant, an amendment to this
Closure Plan would be prepared and submitted to VADEQ (see Section 5.4). However, if clean closure
cannot be achieved, the Contingent Closure Plan {Section 8.0) and Contingent Post-Closure Care Plan
{Section 9.0) would be implemented.

42 SITE HEALTH AND SAFETY PLAN

Before initiating the closure activities, a site-specific Site Health and Safety Plan (SHSP) will be
developed commensurate with the requirements of Occupaticnal Safety and Health Administration
(OSHA) 29 CFR 1810.120, which outlines procedures to be taken to protect the health and safety of the
general public and persons involved with the closure activities. The plan will be prepared and
administered so that individuals participating in the closure activities will be knowledgeable of the
potential hazards and specific safety precautions required. Development, implementation, and
enforcement of the SHSP will be the responsibility of the contractor performing the closure activities. All
personnel participating in closure activities will be properly trained in accordance with the OSHA

Hazardous Waste Operations and Emergency Response training program.

The SHSP will designate a qualified Site Health and Safety Officer to ensure that all persons are in
compliance with the required procedures of the SHSP. The plan will include notification of local fire,
safety, and health response organizations, including MCCDC Quantico Explosive Ordnance Disposal
(EOD) personnel, before starting the work and in the event of an emergency during the closure
operations. The plan shall include site security procedures to prevent unauthorized entry into the
controlled rérnediation area until closure is complete. I will define the level of personal protective
equipment (PPE) required for persons involved in the remediation work area and for persons required 1o
enter the controlled remediation area. The plan will also define the methods of monitoring atmospheric
contamination and worker exposure levels. Finally, it will outline procedures and methods for worker and
equipment decontamination. The SSHP will be developed in accordance with all applicable USEPA and
OSHA regulations and guidelines for worker protection as well as all Department of Defense explosive
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ordnance requirements. The following list discusses topics that, at a minimum, will be included in the
. S5HP Plan:
a A controlled work area barrier will be constructed and posted to prevent unauthorized
entry.
2 Local fire, safety, health, and EOD representatives will be contacted and informed of the
scope of work before starting closure activities.
® A single entry control point will be established where all persons and equipment shall
enter and exit the controlled work area, and where appropriate decontamination
operations will be performed.
s All persons entering the controlled work area will be equipped with the proper PPE.
s All UXO safety, and management disposal operations will be conducted using military
EOD or civitian UXO (retired EOD or equivalent staff).
. . All persons and equipment will undergo decontamination at a location {at the perimeter
of, but inside the controlled work area) designated before the start of closure work.
o A list of personnel and alternatives responsible for site safety, response operations, and
protection of public health will be posted.
° Procedures for emergency medical care for injuries and toxicological problems will be
addressed,
«  Routine and special training required for responders will be discussed.
® A facility description including availability or resources such as roads, water supply,
electricity and telephone service will be included.
® Establishment of procedures for protecting workers from weather-related problems.

The SSHP will be consistent with the Closure Plan; will be revised, as necessary, to address any

additions and/or changes in planned activities; and will be provided to closure personnel before initiation

. of closure activities.
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4.3 MOBILIZATION AND SITE PREPARATION

Mobilization and site preparation during the initiation of final closure will involve the following tasks:

» Initial inspection of the C-Demo site for surface UXO hazards to {acilitate vegetation
mowing.

. Mowing the surface vegetation to facilitate subsequent closure activities.

- Identification and marking of the C-Demo OB/OD site boundaries.

* Conducting a surface UXO survey and clearance.

» Establishment of controlled work zone boundaries including remediation work areas as

well as decontamination and waste staging areas/lccations.

» Marking of any utility hazards.

. Potentially conducting a geophysical investigation to identify formerburied OB/OD .

treatment pits and trenches as well as potential UXO.
Additional site preparation actions may also be warranted based on site conditions at final closure.
4.4 SAMPLING AND ANALYSIS
At the initiation of fina! closure, a sampling and analysis program will be conducted to provide site

characterization data to evaluate the nature and extent of contamination. This will involve sampling and

analysis of the following media at the C-Demo OB/OD site:

° Surface and subsurface soils,
* Surface water and sediments {including onsite swales as applicable); and
® Groundwalter,
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A Sampling and Analysis Plan is presented in Appendix D. A modification to the technical approach
presented in Appendix D may be warranted at final closure because of advances in site characterization
and analytical methods. Revision to the Sampling and Analysis Plan would be addressed, as necessary,

in an amendment to this Closure Plan.
4.5 RISK-BASED CLOSURE STANDARDS
Risk-based closure standards will be established for HCOCs that are statistically significant compared

with background and exceed applicable screening criteria. The risk-based closure standards will ensure

the following:

® Total cumulative Hazard Index (Hl) of 1.0 or less for noncarcinogens;

. Total cancer risk in the range of 1E-04 to 1E-06 for individual carcinogens;

o Total cancer risk of 1E-04 or less for all carcinogens; and

o Concentrations of HCOCs remaining at the site will not result in contamination of other

envircnmental media of concern, including the groundwater beneath the unit.

The risk assessment protocol to be used for the implemertation of these standards is provided in
Appendix E based on current Virginia Depariment of Environmental Quality (VADEQ) guidance. A
modification to this technical approach may be warranted at final closure because of potential updates to
the VADEQ guidance. These revisions 1o the risk-assessment protocol would be addressed, as

necessary, in an amendment to this Closure Plan.

4.6 SUBSURFACE UXO CLEARANCE

Subsurface UXO is expected to be minimal at the C-Demo OB/OD site. Trained EQOD technicians would
destroy items using prescribed disposal techniques. Potentially dud producing ordnance is detonated by
addition of an explosive charge. ltems were not fired or launched at C-Demo. Subsurface UXO that is
within a contaminated soil layer will be cleared. Other subsurface UXO would be subject to appropriate
remediation actions commensurate with applicable Department of Defense criteria (based on future land
use}, remediation procedures, and safety requirements at final closure. Subsurface UXO clearance
generally involves detonation in place of UXO that is unsafe to move (a typical condition for subsurface

UXO) or excavation followed by onsite or offsite disposal.
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4.7 EXCAVATION OF CONTAMINATED SOIL

Soils that do not mest risk-based clean closure standards will be excavated, removed, and properly
disposed off-site. The maximum depth of excavation will not extend past the seasonal low water table, or
bedrock, whichever is encountered first. Minimal soil excavation/removal is anticipated at this time and
will be performed with standard equipment such as a front end loader, a backhoe, and a truck-mounted
dump ftrailer {or use of other suitable containers). The soil removal areas will be identified as
contamination cells that exceed risk-based cleanup standards. The initial boundary of each
contamination cell will be defined as midway between adjacent sampling points. However, at the
discretion of MCCDC Quantico, additional samples might be cbtained to refine the contamination cell
“footprint.”  Verification sampling based on wall samples from the excavation pit will be used to
demonstrate clean closure as discussed in Appendix D. Field screening methods (as appropriate) for
those HCOCs that exceed risk-based cleanup standards would be used for this evaluation, As the
material is excavated, it will be loaded into the roll-off containers or other suitable containers {leak-proot
with sealable lids) for temporary slorage as investigation-derived waste (IDW) in a staging area (see
Section 4.9) before offsite disposal. This will prevent additional and unnecessary contamination of other

areas.

Once clean-closure is verified, the excavation pit will be backfilled with clean soil.

4.8 DECONTAMINATION OF PERSONNEL AND EQUIPMENT
4.8.1 Temporary Decontamination Area

Before the excavation activilies, a temporary decontamination area for heavy equipment will be
constructed. The decontamination area will have approximate dimensions of 20 feet x 20 feet. This area
will be graded with at least a 2 percent slope toward one corner of the area. A berm constructed with
sand bags, or an equivalent material, will be constructed around the edges of this area. The berm will
etfectively contain the decontamination water. The area will be lined with an appropriate synthetic plastic
liner to prevent infiltration of decontamination water into the soils. The liner must be able to sustain the
stress caused by moving the heavy equipment in and out of the area for decontamination. The area will
drain into a container. Alternatively, rinse water and other wastes generated during decontamination will
be transferred into a clean container or tank. This proposed decontamination area has been designed so
as not to meet the definition of a RCRA surface impoundment. At the conclusion of the closure work the
temporary decontamination area will be dismantled, properly characterized, and disposed in accordance
with Section 4.8,
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4.8.2 Decontamination of Worker and Small Equipment

Workers and small equipment will be decontaminated in the personnel decontamination area. Personnel
will decontaminate small equipment, pass it through to appropriately protected persons within the rinse
area, remove contaminated clothing, and enter the rinse area. Workers and small equipment will then be
rinsed and moved into the final rinse area. Within the final rinse area, small equipment will be rinsed,
workers will don clean clothing, and then workers will exit the decontamination area. The equipment will
be stored at the predesignated location and allowed to air dry, and workers will proceed to the nearest
shower facility for full body decontamination. Personnel will decontaminate after each work period. Small
equipment will be decontaminated after each work shift. Sampling eguipment will be decontaminated

before being used and after each sample is collected {see Appendix D}.

48.3 Management of PPE

Personnel protection equipment (PPE)} decontamination will be accomplished commensurate with OSHA

29 CFR 1910.120 requirements. At a minimum, it will include the following:

® PPE will be decontaminated between uses/areas, and upon completion of work;
» All decontamination will take place in the temporary decontamination area; and
® The rinse water will be handled and disposed as IDW.

484 Decontamination of Heavy Equipment

Heavy equipment will be decontaminated between uses/areas and upon completion of work.
Decontamination of heavy equipment involves rinsing the area of the equipment that comes into contact
with the contamination with high pressure water/steam. Al decontamination will take place in the
temporary decontamination area. Ths rinse water will be handled and disposed as IDW.

Before decontamination process, deionized water will be run through a spray nozzle to collect a prerinse
sample. After the high pressure water/steam wash, a postrinse water sample will be collected by pouring
deionized water over the surface area of the heavy equipment that had come into contact with the waste.
The pre- and postrinse water samples will be analyzed for the HCOC. The decontamination procedure
will be repeated until all HCOCs are present in the postrinse sample at levels statistically no greater than
those in the prerinse sample.
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4.9 WASTE MANAGEMENT

Excavated soils and other closure wastes will be immediately placed into leak-proof containers with
sealable lids (e.g., roll-off containers). The containers will be large enough so that the excavation
equipment will not overshoot the containers. The collection area for the excavated soils will be
established immediately adjacent to the excavation zone. At the collection area, two 10-mil layers of
plastic sheeting will be placed on the ground to collect any soil that spills during the filling of the
containers, Containers will be placed on top of the plastic during filling. Cnce filled, the containers will be
moved to the predesignated holding location to be sampled, characterized, and disposed. The plastic
sheeting will be packed up immediately, placed in leak-proof sealable containers, and moved to the
holding location. Until sample results are available, all waste materials generated during closure activities
will be considered hazardous waste and appropriately labeled. Soil falling onto the plastic sheeting will
be continuously picked up and put into the soil containers. Soil will not be allowed to accumulate on the

plastic. All soil and plastic will be picked up and properly containerized by the end of each work shift.

Closure wastes will initially be managed as IDW commensurate with current VADEQ policy. All closure
wastes will be subject to TCLP and energetic analyses and listed as waste as identified in Appendix D.
Additional analyses will be conducted as required by the accepting waste treatment, storage, and
disposal {TSD) facility. If drums are used to collect the waste, the number of samples to be collected will
be equal to the cube root of the total number of drums in the lot. If larger containers (i.e., roll-off
cortainers) are used to collect the wastes, one composite sample will be collected from each container.
Laboratory analysis turnaround time will be as expedient as possible. If the waste is classified and
labeled as hazardous it shall be properly transported and disposed within 90 days.

Closure wastes will be transported to an appropriate TSD facility commensurate with waste
characterization results. Hazardous waste will be sent to an authorized Subtitle C landfill or alternative
hazardous waste TSD in accordance with applicable Land Disposal Restrictions. Solid waste will be sent
to a Subtitle D landfill.

The disposal of wash water may consist of discharge to a public wastewater treatment facility, which is
permitted under the Clean Water Act regulations to accept the constituents found in the wash water.
Prior approval will be obtained before the wash water is discharged to a publicly owned wastewater
treatment facility hazardous and sofid waste handlers will require testing information to satisfy iand
disposal restrictions and/or compliance with the receiving landfill's permit conditions. The accepting TSD
facility may perform confirmatory testing on the incoming waste. |f the representative sample from the
waste container is found to be hazardous, then the container must be transported to a RCRA-permitted
hazardous waste TSD facility by a permitted hazardous waste transporter,
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UXO not treated in place {and safe to move} and munitions debris {e.g., fragmentation, casings, etc.} will
be taken to a secure staging area lor segregation classification and containerization by EOD/UXO
specialists. Segregation will be based on the type of metal to tacilitate recycling. ltems determined to be
hazardous because of energetic content or energetic contamination will be classified as hazardous waste
and will be demilitarized pursuant to RCRA requirements as well as applicable Department of Defense
and MCCDC Quantico policies and procedures.

The contractor transporting hazardous waste will be a Virginia-permitted hazardous waste transporter.
The waste will be appropriately manifested and transporied to an authorized {(RCRA permitted or interim
status) hazardous waste transfer or disposal TSD facility. MCCDC Quantico, the transporter, and the
receiving facility will possess the required USEPA Identification Numbers. Before transporting hazardous
waste ot offeting hazardous waste for transport, MCCDC Quantico will package and labe! the waste in
accordance with 9 VAC 20-60 Part Il (Regulations Applicable to Transporters of Hazardous Waste) and
applicable U.S. Department of Transportation requirements (49 CF 171-179).
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. 5.0 CLOSURE MILESTONES

5.1 CERTIFICATION OF CLOSURE

Upon completion of the appropriate final closure activities, MCCDC Quantico will submit to VADEQ a
certification signed by an independent professional engineer registered in the Commonwealth of Virginia
stating that the facility has been closed in accordance with the VADEQ-approved Closure Plan. This
certification will be composed of a report that, at a minimum, includes the following: a summary of major
field activities, an explanation of modifications and variances from the VADEQ-approved Closure Plan,
complete analytical results including QA/QC data, statistical analyses results, and a certification of closure
signature form. An example of a certification of closure signature form is presented in Appendix F. The
certification will be submitied by registered mail to VADEQ within 60 days of completion of closure.

5.2 CLOSURE REPORT AND RECORDKEEPING

A Closure Report summarizing the closure activities will be prepared upon completion of the closure to

. support the closure certification. In the case of a clean-closure attempt, the report will contain all of the
relevant data necessary for VADEQ to determine whether the closure standards have been met, following
which closure will be acknowledged and the facility released from financial assurance regarding the
closure work. Closure is contingent on VADEQ’s approval of the closure certifications and the closure
report.

At a minimum, the closure report will include the following:

s Summary of what occurred during closure;
e \Vertical and lateral extent of excavation, both in narrative and diagram form;
® The results of all statistical analyses and sample calculations supporting the closure
conclusions;
® The results of all risk assessments and sample calculations;
s A summary sheet for all sampling results;
® A copy of the laboratory generated sampling analysis form;
] A summary of QA/QC findings; and
® A copy of all waste manifests for closure-generated wastes.
. Clean closure is contingent on VADEQ's approval of the closure certifications and the closure report.
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If the facility is subject to a closure under the industrial/occupational scenario, a signed Notice of Use
Limitation will also be included in the report.

A copy of the closure report and the resuits of any additional sampling and analysis will be kept on file at
MCCDC Quantico.

53 SCHEDULE FOR CLOSURE

Final closure of the C-Demo OB/OD site will begin within 45 days after notification to VADEQ. Closure
activities will be completed within 180 days of initiation of closure. Also, hazardous waste can only be
accumulated for less than 90 days without a permit. MCCDC wilt submit a written extension request to
VADEQ for consideration at least 30 days before the existing deadline of closure compietion if closure will
require more than 180 days to complete. A schedule for closure is shown in Table 5-1.

5.4 CLOSURE PLAN AMENDMENT

If changes in closure conditions affect this Closure Plan, the plan will be amended. Modification requests,
if required, will be made at least 60 days before the change in operation or design occurs, or no later than
60 days after an unexpected event has occurred that has affected the Closure Plan. The Closure Plan
may be amended by a written request from MCCDC Quantico to VADEQ for approval. The written
request will include a copy of the proposed amendment and a detailed justification. The updated Closure
Plan will be sent to VADEQ.
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TABLE 5-1
SCHEDULE OF CLOSURE
MCCDC, QUANTICO, VIRGINIA

Activity Day
Initiate Closure Activities/Mobilization 0'"-30
Site Preparation 31-45
Sampling and Analyses 46-106
Establish Risk-Based Closure Standards and, as 107-165
necessary, Conduct Removal Actions
Finalize Closure Report Documentation 166-180
Submit Certification of Closure 181-240
1 Date when the C-Demo Area is closed, transferring, or transferred.

5-3
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6.0 CLEAN CLOSURE COST ESTIMATE
MCCDC Quantico is a Federal Facility and is exempt from the cost estimate requirements.
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7.0 FINANCIAL ASSURANCE FOR CLOSURE
MCCDC Quantico is a Federal Facility and is exempt from the financial assurance requirements,
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8.0 CONTINGENT CLOSURE PLAN

8.1 INTRODUCTION

The intent of MCCDC Quantico is to accomplish a risk-based clean closure of the soils at the C-Demo
OB/OD site at final closure (i.e., when the C-Demo area [range} is closed, transferred, or transferring}.
This Contingent Closure Plan is provided in the event that the extent of contamination makes it not
feasible to accomplish clean closure. The Contingent Closure Plan will be implemented and the C-Demo
OB/OD site would be closed with waste in place. Although this Contingent Closure Plan is based on
closure as a landfill, alternative remediation technologies will be evaluated at final closure including (but
not limited to) bioremediation, phytoremediation, and natural attenuation monitoring. The flexibility for
closure remediation requirements is based on “Standards Applicable to Owners and Operators of Closed
and Closing Hazardous Waste Management Facilities, Post-Closure Permit Requirements and Closure
Process, Final Rule” (Federal Register, October 22, 1998, Vol. 83, No. §04).

These alternative contingent closure approaches would require an amendment to the Contingent Closure
Plan and/or Contingent Post-Closure Care Plan. A Groundwater Monitoring Plan to address closure of
the groundwater will be submitted within 60 days of the determination that the C-Demo OB/OD site must
close as a landfill. Additionally, closure activities specified in this Contingent Closure Plan will comply
with applicable sections of the OSHA Hazardous Waste Operations and Emergency Response
requirements 29 CFR 1910.120 commensurate with Section 4.2 of the Closure Plan.

8.2 CONTINGENT CLOSURE ACTIVITIES

If the determination is made that clean closure or closure to risk-based standards cannot be achieved and
contaminated soil has been removed to a point that remains above the seasonal low water table
elevation, RCRA contingent closure and post-closure will be implemented in accordance with the
approved Contingent Closure Plan and Contingent Post-Closure Plans. Contingent closure of the
C-Demo OB/OD site will be conducted under the surveillance of an independent professional engineer
registered in the Commonwealth of Virginia. Technicians and engineers performing field tests and
surveillance will report observations, measurements, and test results to the engineer. The engineer will

recommend acceptance or rejection of the work, as units, or as a whole, to MCCDC Quantico.
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8.3 BACKFILL

The depression caused by any excavation of the contaminated soil will be backfilled with uncontaminated
(defined as not statistically significant using the Cochran’s Approximation to the Fisher Student's t-Test
HCOC above performance standard levels} onsite or offsite native soils. This soil will be placed in -inch
lifts and compacted to at least 90 percent of its maximum dry density and within 2 to 4 percent of the
optimum moisture content (as determined in the Standard Proctor test in ASTM D698). The soil wilt be
compacted with a vibratory sheepsfoot compactor or equivalent equipment. The compacted soil will be
free of clods, rock, fractured stone, debris, cobbles, rubbish, roots, and othar deleterious material. The
area will be graded sufficiently for the establishment of contours for the cover, Soil backfill testing
methods are identified in Appendix G. All test results will be submitted to VADEQ with the closure
completion certifications. A RCRA cap will be placed over the site and extend at least 5 feet beyond the
contaminated area. A full discussion of the cover is contained in Section 8.4 of this plan.

8.4 FINAL COVER

Proposed Final Cover: The final cover will be a RCRA cap constructed in accordance with USEPA’s
recommended cover design found in the USEPA guidance document titled Requirements for Hazardous
Waste Landfill Design, Construction and Closure (1988). The document specifically recommends a

standard final cover of 2 feet of topsoil, a 1-foot drainage layer, and a 40-mil Flexible Membrane Liner

(FML) with a 1-foot bedding layer as well as a 2-foot clay liner (Figure 8-1). The final cover will include
the following elements from bottom to top:

Bottom: A compacted clay layer, consisting of two layers: (1) a bottom 2-foot clay layer lying whoily
below the frost zone, with a minimum thickness of at least 2 feet and a maximum in-place saturated
hydraulic conductivity of 1 x 107 cmi/sec, and (2) a 40-ml FML under a 12-inch sand bedding layer. A full
discussion of the low-permeability clay layer and the FML is contained in Section 8.4.1.

Middle: A middie layer consisting of two components: (1) a soil drainage layer with a minimum thickness
of 1 foot and a minimum hydraulic conductivity of 1 x 10 cm/sec that will minimize water infiltration into
the low-permeability layer and will have a final bottom slope of at least 3 percent after settlement and
subsidence, and {2) a geosynthetic filter fabric to prevent fine particles from the final cover from clogging
the drainage layer. A full discussion of the geosynthetic filter fabric and the drainage layer is contained in
Section 8.4.2.
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Top: The soil cover will be at least 24 inches thick. The effects of freezing on the liner are accounted for
because the regional maximum frost penetration depth for the area is 12 inches. The soils selected will

be able to support vegetation that will effectively minimize erosion. The topsoil will be either a loam or
loamy sand or be of the following USCS soil types: GM, GC, 8M, SC, ML, or CL. The upper 6 inches of
this layer will not be compacted to promote root development. The final slope will be 3 to 5 percent. A

full discussion on the top layer is contained in Section 8.4.3.

All test resulis will be submitied to VADEQ with the closure completion cerifications. A final detailed
report on the construction inspection program to monitor the closure of the C-Demo OB/OD site will
include at a minimum: backfilling, consolidation, compaction, sampling, and testing of the backfill;
drainage layer and clay cap; in-place depth of the clay-cap, drainage layer, and soil cover; establishment
of vegetation; erosion control measures; and final site survey. The final report must be submitted within

60 days {with certification) after completion of closure.

8.4.1 Low-Permeability Clay Layer

The clay materials will be capable of yielding a maximum in-place saturated hydraulic conductivity of
1x 107 cmisec. The proposed clay materials will be tested in the laboratory before installation to
demonstrate the ability of the selected material to achieve the required criteria. The foltowing tests will be

conducted on the clay borrow source(s) before use.

1. Determine the plastic limit, liquid limit, and plasticity index {Atterberg Limits) of the clay
materials using ASTM method D4318.

2. Determine the moisture content of the clay malerials using ASTM D2216.

3 Determine the density of the clay materials using ASTM D2922, ASTM D1556, ASTM
D2167, or ASTM D2937.

4., Determine the moisture-density relationship of the clay materials using ASTM D698.
5. Classify the soil type (SC, CL, CH, ML, MH} using ASTM D2487 and ASTM D2488.
6. Determine the permeability of the clay materials using Method 9100 contained in “Test

Methods for the Evaluation of Solid Waste Physical/Chemical Method”, (SW-B46}, 3¢
Edition, 1986, as updated.
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Testing data on the clay borrow sources(s), including a moisture/density curve based on test results for
proposed horrow clay, shall be submitied 1o an independent Virginia-registered professional engineer for
approval before construclion of the clay layer in accordance with the closure schedule. MCCDC Quantico
will also provide a moisture/density curve with the range of density and moisture content where
permeability is acceptable. This region under the moisture/density curve would then become the
acceptable specification for the material. If the result of any test indicates that the in-place hydraulic
conductivity may not meet the 1 x 107 cm/sec standard, then the extent of the failure shall be determined
by MCCDC Quantico and appropriate adjustments shall be made to correct the failure.

The low-permeability layer must be entirely below the maximum depth of {rost penetration estimated for
the area in which the facility is located. According to the Virginia Department of Conservation and
Recreation’s Division of Soil and Water Conservation, the maximum frost penetration depth for the area is
approximately 8 inches. Therefore, only the soil layer will be affected and the low-permeability clay layer
will be at least 48 inches below (24-inch top soil, 12-inch drainage layer, and 12-inch FML sand bedding

layer) the maximum frost depth.

The layer will be placed in 6-inch lifts and compacted to 95 percent of its maximum dry density and within
2 to 4 percent of the optimum moisture content as determined in the Standard Proctor test (ASTM Method
D&98). The clay will be compacted with a vibratory sheepsfoot compactor or equivalent equipment. The
compacted soil will be free of clods, rock, fractured stone, debris, cobbles, rubbish, roots, and other
deleterious material. When weather conditions are favorable, the clay surface will be sealed with a

smooth drum vibratory roller to present desiccation or erosion,

Clay liner testing methods identified in Appendix G will be used onsite during construction to ensure
adequate construction methods. Because the correlation between moisture density and permeability will
be established as above, lest results falling within the region identified as above wilt be considered
accepiable. Test results falling outside the region will be unacceptable and the cap will be removed and
replaced. The final grade will be such that a siope of 3 percent to 5 percent will be maintained after
allowance for settlement and subsidence. All test results will be submitted 1o VADEQ with the closure
completion certifications.

A synthetic liner system shall include a 40-m} FML designed to eliminate the need for field seaming. The
cap installer will be specialized in the installation of synthetic liners and caps. The following items will be

documented by the installer and made available for viewing by VADEQ, including:

° Compilete identification and material specifications for all components of the synthetic cap
including resin type, physical properties, and other pertinent data.
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® Documentation of factory seamn tesis.

® A detailed construction inspection program, with test procedures, that follows the criteria
included in the QA/QC document to be developed if contingent closure is to be

implemented.

@ in addition, for the FML, the manufacturer will provide documentation of random sampling
for uniformity, thickness (ASTM D374), tensile properties (ASTM D 638), and tear
resistance {(ASTM D 1004).

® Where possible, the above items must be made available before the actual installation of
the FML and the other cap components.

® The synthetic cap layout will be located where applied stresses are minimal and will take
into consideration any expansion and contraction anticipated use to ambient temperature
variations. Excessive slack will be avoided to minimize rippling of the liner during
placement of the drainage layer and vegetative support soil. The liner will overlay at least

2 feet of clay having a maximum saturated hydraulic conductivity of 107 cm/sec.

84.2 Drainage Layer

Areas adjacent to the landfill cap must be graded to drain away from the site. Because the area will be
the high feature in the immediate vicinity, the only water contacting the landfill cap areas will be rain
falling directly onto it. Because of the physical characteristics of the soil, any storm water from other
areas will tend to percolate down through to the soil rather than drain in defined channels. Also, any
swales graded in an attempt to provide run-off channels would rapidly be filled in by wind-blown sand.
Theretore, efforts will be concentrated on maintaining adequate drainage off the cover whereas run-on

should not be a significant factor.

The clay cap will be overlaid with at least 12-inch-thick drainage layer (above the 12-inch sand FML
bedding area) having a permeability not less than 1 x 10 cmisec to minimize water infiltration into the

clay layer.
Granular material will be no coarser than 3/8 inch, and classified as SP or GP using ASTM D2487 and

ASTM D2488. The material will be smooth and rounded, will not contain any debris, nor will it contain

fines that might lessen permeability. The granular material shall be screened or washed before
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construction to remove fines that may promote clogging and shall be compacied to at least 90 percent of
its maximum dry density as determined in the modified Proctor Test (ASTM Method D-1557). Placement
of the granular material will be observed by the independent professional engineer. The final slope on the
bottom of the drainage layer will be sloped 3 percent to 5 percent after allowance for settlement and

subsidence. All test results will be submitted to VADEQ! with the closure completion certifications.

To prevent clogging, the drainage layer will be overlaid with a synthetic geotextile fabric filter. The
synthetic filter material shall be a nonwoven, polypropylene mat with sufficient tensile strength and
durability to withstand the applied force of the top soil layer for the duration of the closure and post-
closure periods without breakdown or a reduction in its ability to perform as designed. The synthetic
geotextile filter shall be installed and anchored in accordance with the manufacturer's specifications.

The drainage layer must slope to an exit drain that allows percolated water to be efficiently removed. The
drainage layer and filter fabric layer will be designed to allow free drainage of infiltrating surface water to
perforated drainage pipe. The perforated collection perimeter drains shall be embedded in larger
diameter stone to prevent sand from clogging the drainage pipes. The drainage system shall be
designed {o accommodate a 25-year, 24-hour storm. Drainage structures, as needed, will be constructed

to channel and redirect surface water away from the covered area.

Design specifications of the drainage pipe, drainage media, and filter fabric as well as design plans for the
RCRA cap shall be submitted to VADEQ for review and written approval before construction as required

in the closure schedule {see Section 8.7).

The tollowing items related to the geotextile filter will be documented by the installer and made available
for viewing by VADEQ, including:

® Complete identification and material specifications for all components of the synthetic cap
including resin type, physical properties, and other pertinent data.

® A detailed construction inspection program, with test procedures, that follows the criteria
included in the QA/QC document to be developed if contingent closure is to be
implemented.

. in addition, for the geotextile fabric, the manufacturer will provide documentation of
quality control certifications for mass per unit area (ASTM D-5261), thickness {(ASTM
D-5199), trapezoidal tear strength (ASTM D-4533), grab tensile strength (ASTM D-4632),
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burst strength (ASTM D-3786), puncture strength (ASTM D-4833), apparent opening size
(ASTM D-4751), and permittivity (ASTM D-4491).

Where possible, the above items must be made available before the actual installation of the geotextile
and the other cap components.

it is not anticipated that a subsurface gas venting system will be required because of the nature of the
contamination. The generation of subsurface gases is not expected from the soils or groundwater from

this area.
8.4.3 Soil Cover

The final soil cover will consist of 2 feet with a vegetated surface component of grasses, the surface of
which slopes uniformly at least 3 percent but not mare than 5 percent after allowance for settlement and

subsidence.

The cover crop for the vegetative layer shall be well adapted to survive conditions with minimum
maintenance for the location. A cover crop will not be chosen that normally has root material long enough
to penetrate the cap. The local extension office should be contacted for a recommended crop. The type
of fertilizer and application rate for the ferilizer will be as recommended by the U.S. Department of

Agriculture, the local extension office, or the Virginia Department of Conservation and Recreation.
8.5 GROUNDWATER MONITORING

Within 60 days of the determination that the facility must close with waste in place, a complete
Groundwater Monitoring Plan will be submitted to VADEQ. This Groundwater Monitoring Plan will be a
stand-alone document that will be part of the groundwater monitoring program. Once approved, these
plans will be followed during the post-closure care period before issuance of the post-closure care permit.
Upon approval, the groundwater monitoring for the sites would be implemented immediately in

accordance with the approved Groundwater Monitoring Plan.
8.6 SECURITY

MCCDC Quantico will prevent the unknowing entry and minimize the possibility for the unauthorized entry
of persons or livestock onto the landfill by installation of a 5-foot-high chain link fence around the site.
Also, a sign with the legend, "DANGER — UNAUTHORIZED PERSONNEL KEEP OUT,” shall be posted

at each entrance to the site and at other locations in sufficient numbers to be seen from any approach to
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the site. The legend will be in English and in any other language predominant in the area surrounding the
unit and shall be legible from a distance of at least 25 feet.

8.7 CONTINGENT CLOSURE SCHEDULE
The facility shall comply with the contingent closure schedule as provided in Table 8-1.
8.8 CONTINGENT CLOSURE PLAN AMENDMENT

If the changes in closure conditions affect the Contingent Closure Plan, the plan will be amended.
Modification requests, if required, will be made at least 60 days before the change in operation or design
occurs, or no later than 60 days after an unexpected event has occurred that has affected the Contingent
Closure Plan. The updated plan will be sent to VADEQ.

8.9 CONTINGENT CLOSURE CERTIFICATION, SURVEY PLAT, AND DEED NOTATION

Final contingent closure of the sites’ locations will be supervised by an independent professional engineer
registered in Virginia. Within 60 days of completion of contingent ciosure, certification of contingent
closure in accordance with the approved plan would be sent by registered mail to the Director of VADEQ.
The certification would be signed by the owner/operator and by an independent professional engineer
registered in Virginia.

Within the time frame established by the contingent closure schedute (see Table 8-1), MCCDC Quantico
will also submit a survey plat (prepared and certified by a professional land surveyor} of the site 1o the
local land recording authority and VADEQ. This plat will indicate the location and dimensions of the
closed area with respect to permanently surveyed benchmarks. This plat will also contain a note,
prominently displayed, that states the MCCDC Quantico’s obligation to restrict disturbance of the
hazardous waste disposal unit.

6909 8-9 CTO 0208
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CONTINGENT CLOSURE AND POST-CLOSURE SCHEDULE

MCCDC, QUANTICO, VIRGINIA

Rev. 0
02/26/01

Activity

Time (Days)

Determine that clean or risk-based closure not possible or feasible and notify
VADEQ that closure is not feasible.

O(‘)

Advertise/Award closure contract.

30

Submit Groundwater Monitoring Plan for approval.

&0

Prepare and submit design drawings for contingent closure cap and drainage
system designs.

Sample soil borrow sources and analyze samples in accordance with the
requirements listed in the contingent closure plan.

130

Begin construction of the cover. Backfill excavated area and conduct testing.
Placement and professional engineer inspection of 2 feet of clay.

140

Begin vegetation and professional engineer inspection of the cover. Construct
perimeter fence and instali warning signs. Establish permanently surveyed
benchmarks. Sample all potentially contaminated (or decontaminated)
equipment and analyze samples.

170

Submit analytical results to VADEQ to confirm that all equipment has been
decontaminated. If the decontamination area tiner has been tomn, then
implement sampling, analysis, and remediation plan to evaluate and
remediate, as appropriate, the area beneath the pad.

175

Begin post-closure care and maintenance. To continue as per the Contingent
Post-Closure Plan and approved Groundwater Monitoring Plan until a post-
closure permit is issued.

180

Submit professional engineer and owner and operators certification of
contingent closure to VADEQ with all QA/QC documentation. Submit survey
plat 1o local zoning authority and VADEQ that notes restrictions for future land
use and required notices.

180-240

Submit post-closure care permit application and permit fee to VADEQ.

180

Post-closure care groundwater monitoring and maintenance to be performed
over a 30-year period.

30 years

Submit owner and operators and professional engineer certification of
completion of post-closure care,

30 years

1 Initiation of contingent closure and post-closure schedule.

§909 8-10
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In addition, within the time frame established by the contingent closure schedule, a notation will be made
in the property deed. The notation must state thal the land has been used to manage hazardous waste,
its future use is restricted, and that the survey plat has been filed with the local land recording authority
and VADEQ.,

6309 8-11 CTO 0299
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9.0 CONTINGENT POST-CLOSURE CARE PLAN

9.1 INTRODUCTION

This Post-Closure Care Plan will become effective immediately after the contingent closure of the
C-Demo OB/OD site is cenlified by MCCDC Quantico. This plan will not be applicable # clean closure or
closure to risk-based standards of soils is certified and accepted by VADEQ. This plan will remain in
effect until a post-closure permit, or alternative enforceable document, is issued by VADEQ for the
C-Demo OB/OD site. The post-closure permit application will be submitted within 180 days of notification

that clean or risk-based closure cannot be achieved (see Section 10.0).
9.2 INSPECTION AND MAINTENANCE

The site will be inspected on a weekly basis until vegetative cover is firmly established or for 6 months,
whichever is longer. After the initial period, inspections will be performed monthly for the duration of the
post-closure care period. The final cover will be inspected for settling that would allow ponding of water
for animal vectors that may compromise the integrity of the cap, for erosion that could expose the cap,

. and for any other visible damage. Vegetation will be observed to check its adequacy and to prevent
growth of trees and other vegetation with root systems that could damage the integrity of the cap or
drainage system. Monitoring wells will be checked to ensure that caps, casings, seals, and locks have
not been damaged or altered in any way that would allow contamination of the groundwater or the sample
collection or might prevent sample collection. Permanent benchmarks will be inspected to ensure they
have not been damaged or rendered unusable. Fencing and signs will be inspected to ensure they have
not been damaged. These items are included in a post-closure care inspection checklist (see
Appendix H). Each site inspection will be documented on the inspection checklist to include all findings
and any corrective actions required. The foliowing office will be the point of contact for information
regarding thé site:

Point of Contact: NREA Branch (BO46)

Address: 3250 Caitlin Avenue
Quantico, Virginia

Telephone: 703-784-7074

Maintenance activities as required will be performed following each inspection period as follows:

6908 9-1 CTO 0299
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| Security - Signs will be repaired or replaced as they become damaged or illegible.

Ground surface will be regraded, as necessary, so that the gate remains firmly anchored.

The gate will be replaced, as needed, to maintain adequate site security.

» Erosion — Washouts wili be repaired whenever they are detected. If the cap integrity is in
guestion, repair aclivities will be conducted as soon as possible. Restoration of

vegetative cover will be performed as needed.

® Cover Settlement — Settlement will be repaired by placing additional cover materials on

top of the existing cover and by replacing vegetation.

o Vegetation Cover — Maintenance of the vegetative cover will include seeding, watering,
and fertilizing, as needed. Tree or bush growth will be prevented within the capped
areas. Mowing will be performed as necessary to control the growth of vegetative cover

and to maintain it at a reasonable height above the cover.

® Run-on and Run-off Control — Drains and ditches will be cleaned and maintained to allow
free drainage so that retention of storm water does not occur. High rate run-off areas will

be protected by placing coarse stone, if needed, to ensure that erosion is minimal.

» Monitoring Wells — Any damage to monitoring wells will be repaired. If necessary, a

damaged well will be replaced in accordance with the Groundwater Monitoring Plan.

® Leachate Removal Systems — This system will be routinely monitored. Any darnage to
the system will be repaired or replaced.

s Leak Detection Systems — This system will be routinely monitored. Any damage to the

system will be repaired or replaced.
) Surveying Bench Marks — Bench marks will be protected and maintained.
9.3 GROUNDWATER MONITORING
The groundwater monitoring program will be initiated immediately upon approval of the Groundwater
Monitoring Plan, using monitoring welis approved by VADEQ. The groundwater monitoring program will

continue under the Contingent Closure Plan and Contingent Post-Closure Care Plan until a post-closure

permit or alternate enforceable document is issued, at which time groundwater monitoring activities will .
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be in accordance with the post-closure permit conditions. Groundwater monitoring data will be analyzed
using an approved statistical method to determine whether the unit has impacted groundwater guality in
the uppermost aquifer. The specific details of groundwater monitoring activities will be presented in the
Groundwater Monitoring Plan, to be submitted in the event that it becomes necessary to implement the

Contingent Closure Plan.

8.4 POST-CLOSURE CARE SCHEDULE

Post-closure care will begin immediately upon completion of closure activities and will continue for 30
years from the date that a post-closure care plan is instituted unless reduced or extended by the Director
of VADEQ. Within 60 days of completion of the post-closure care period, centification that the post-
closure care was performed in accordance with the post closure care plan must be sent by registered
mail to the Director of VADEQ. The certification would be signed by the owner and operator and by an
independent professional engineer registered in Virginia. The contingent post-closure schedule is

presented in Table 8-1.

9.5 POST-CLOSURE CARE PLAN AMENDMENT

If changes in closure conditions affect the Post-Closure Care Plan, the plan will be amended.
Modification requests, if required, will be made at least 60 days before the change in operation or design
occurs, or no later than 60 days after an unexpected event has occurred that has affected the Post-
Closure Care Plan. The updated plan will be sent to VADEQ.

9.6 POST-CLOSURE SECURITY

Post-closure security will be implemented 1o prevent the disturbance of the integrity of the final cover,
liner{s}, any other componerts of the containment system, or the function of the facility's monitoring

system.

MCCDC Quantico will prevent the unknowing entry and minimize the possibility for the unauthorized entry
of persons or livestock onto the landfill by installation of a 5-foot-high chain link fence around the site.
Also, a sign with the legend, “DANGER - UNAUTHORIZED PERSONNEL KEEP QUT,” shall be posted
at each entrance to the site, and at other locations, in sufficient numbers to be seen from any approach to
the site. The legend will be in English and in any other language predominant in the area surrounding the
unit and shall be legible from a distance of at least 25 feet.
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9.7 POST-CLOSURE CERTIFICATION

Within 60 days of completion of the post-closure care period for the C-Demo OB/OD site unit, certification
will be submitted to VADEQ. The ceriification will specify that the post-closure care pericd for the
hazardous waste disposal unit was performed in accordance with the specifications of the approved Post-
Closure Plan. The certification will be signed by the MCCDC Quantico and by an independent
professional engineer registered in Virginia.

9.8 POST-CLOSURE NOTICES

The following post-closure notices will be appropriately filed and submitted by MCCDC Quantico:

» A record of the type, location, and quantity of hazardous waste disposed within the
C-Demo will be submitted to the local zoning authority (or the authority with jurisdiction

over local land use) and VADEQ no later than 80 days after certification of closure.

J A notation in the property deed will be made to notify, in perpetuity, any potential
purchasers of the property that (1) the land has been used to manage hazardous waste;
(2) use of the land is restricted to activities that will not disturb the integrity of the final
cover system or monitoring system during the post-closure care period; and (3) the
survey plat and record of waste disposal (noted above) have been submitted to the local
zoning authority (or the authority with jurisdiction over local land use) and to VADEQ.
This notification will be placed within 60 days of certification of closure of the first waste

disposal unit and within 60 days of certification of closure of the last waste disposal unit.

® A certification, signed by MCCDC Quantico, that the notice in the deed has been made,
must be submitted to VADEQ.
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10.0 POST-CLOSURE PERMIT APPLICATION PLAN

it risk-based clean closure cannot be achieved for the C-Demo OB/OD site then MCCDC Quantico will
submit a post-closure permit application to VADEQ. This permit application will include the following:

. Groundwater, soil, and surface water characterization and monitoring data;
* Long-term, post-closure care and monitoring system specifications;
* Additional site-specific data as specified in VADEQ guidance (as available).

The post-closure permit application may incorporate the Contingent Closure Plan and Contingent Post-
Closure Care Plan (i.e., Sections 8.0 and 9.0, respectively of this Closure Plan) or an amended version,
as appropriate.

The post-closure permit application wili be submitted within 180 days of notification that clean or risk-
based closure cannot be achieved.

Based on the "Standards Applicable to Owners and Operators of Closed and Closing Hazardous Waste
Management Facilities, Post-Closure Permit Requirements and Closure Process, Finai Rule” (Federal

Register, October 22, 1998, Vol. 63, No. 604}, VADEQ may issue an alternative enforceable document (in
lieu of a post-closure permit) for post-closure care requirements for the C-Demo QB/OD site.
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No. of
Banples

Bottle Type

BOTTLE REQUIREMENTS
TBS GAS STATION AND CHARLIE DEMO OB/OD BITE
QUANTICO, VIRGINIA

Paranmeter

Preserv.

No. of
Bottles

per

Sample |

GROUNDWATER
ﬂ 3 1=-1. plastic | TAL metals (t) HNO- 1/sanmple
" 3 1-1l. plastic | TAL metals (d) | Separate 1/sample
container
3 i-1. amber Explosives - l/sample

glass
SURFACE WATER

W

Additional bottles will be provided in case of breakage.

2 500 Lead HNO, l/sample
ml.plastic
H 1 1-1. plastic | TAL metals HNO, 1/sample
1~1. amber Explosives - 1/sample
glass -
‘I' SEDIMENTE
4 250 ml. TAL metals - 1/sample
glass jar
4 500 ml. Explosives - 1/sample
: glass jar
3 250 ml. Lead - 1/sample
glass jar
e e e
BOILE .
13 250 ml. TAL metals - 1/sample
glass jar
12 250 ml. Explosives - 1/sample
glass jar
3 250 ml. TPH and TOC - l/sanple
glass jar
1 250 ml. TCLP metals - 2/sample
] glass jar
17 250 ml. Lead & pH - 1/sample
| glass jar

Level E QC, no site specific MS/MSD or MS/MD are required.

For NEESA
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TABULATED ANALYTICAL DATA
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APPENDIX C

C-DEMO OB/OD SITE SAMPLING RESULTS (1991) COMPARISON
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TABLE C-2

INORGANICS DETECTED IN SOIL TCLP SAMPLES

C-DEMO OB/OD SITE
MCCDC, QUANTICO, VIRGINIA

Maximum Soil TCLP TCLP Criteria

Chemical Concentration {ug/L) {ug/L)
Aluminum 1,500 NA
Antimony <170t" NA
Arsenic <30 5,000
Barium 574 100,000
Beryllium <20 NA
Cadmium 230 1,000
Calcium 4,670 NA
Chromium <40.0'" 5,000
Cobalt <50.0" NA
Copper 2,740 NA
fron <60 NA
Lead 14,300 (HS1)® 5,000
Magnesium 3,160 NA
Manganese 389 NA
Mercury <10 200
Nickel 97.7 2,000
Potassium 4,830 NA
Selenium <30™ 1,000
Silver <20.0"" 5,000
Sodium 1,480,000 NA
Thallium <30™ NA
Vanadium <30 NA
Zinc 13,300 NA

< - Not detected at the detection limit.
Sample location for exceedence of lead TCLP criterion.

c-2

Rev.0
02/26/01

CTO 0299
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TABLE C-4

INORGANICS DETECTED IN GROUNDWATER SAMPLES
C-DEMO OB/OD SITE
MCCDC, QUANTICO, VIRGINIA

Maximum Concentrations (ug/L} SDWA MCL or
Chemical Filtered Unfiltered VADEQ ACL (ug/L)

Aluminum 116 15,600 -

Antimony <17.0" <17.0" 6.3E0%
Arsenic <3.0t" <3.0"" 5.0E19
Barium 203 218 2.0E39
Beryllium 2.0 2.0 4.0E0
Cadmium <5.0" <5.0¢" 5.0E0%
Calcium 24,200 23,000 -

Chromium 4.4 74.4 1.0E2®
Cobalt <5.0'" 28.4 g.4E2%
Copper 5.5 652 1.3E3%
ron 202 55,300 1.1E4"
Lead <2.0™" 5.3 1.5819
Magnesium 10,100 9,530 -

Manganese 151 1,370 7.3g29
Mercury <0.2" <02 2.0e0™
Nickel 13.4 39.8 3.1g29
Potassium 8,440 7,200 -

Selenium <3.0" <3.0" 5.0E1®
Silver <20 <2.0W 78612
Sadium 26,500 24,700 -

Thallium <3.0" <3.0" 2.00®
Vanadium <3.0"" 99.5 1.1E29
Zinc 24.0" 111 4 6E3™®

DAF = Dilution attenuation factor: DAF 1 applicable to site with shallow groundwater tables or source size
greater than 30 acres. DAF-20 applicable as a default for other site conditions.

1 < - Not detected at the detection limit (DL) shown {maximum DL),
2 Virginia Department of Environmental Quality Alternate Concentration Limit, September 10, 1999
" Mermorandum.
3 Sate Drinking Water Act Maximum Contaminant Level.
4 US Enwironmental Protection Agency Risk — Based Concentration, April 13, 2000.
|
6909 C-4 CTO 0299
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02/26/01
TABLEC-5 . -
EXPLOSIVES DETECTED IN GROUNDWATER/SURFACE WATER SAMPLES
C-DEMO OB/OD SITE
MCCDC, QUANTICO, VIRGINIA
VADEQ ACL or
Maximum Concentrations (ug/L) Region lll RBC {ug/L}
Chemical Filtered Unfiltered Tap Water
Cyclotetramethylenetetranitramine (HMX) <1.3" <1.3" 1.8E3%
Cyclotrimethylenetrinitramine (RDX) <0.63" <0.63" 6.1E-1@
1,3-Dinitrobenzene <0.61" <0.61" 1.6E0%
2,4-Dinitrotolugne <60'" <0.60"" 3.1E19
2,6-Dinitrotoluene <0.55 <0.55"" 1.6E19
Nitrobenzene <1.69" <1,13" 7.860%
1,3,5-Trinitrobenzene <0.56'" <0.56'" 4.7g2%
Trinitrophenylmethyinitramine {Tetryh) 2.47 <0.66"" 3.7e2%
2,4,6-Trinitrotoluene <0.78" <0.78" 2 2EQ?
1 < - Analyte not detected above detection limit shown.
2 USEPA - Region lll Risk-Based Concentration Table (April 13, 2000).
3 VADEQ Alternate Concentration Limit, September 10, 1999 Memorandum,.
6909 C-5 CTO 0299
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TABLE C-6
COMPARISON OF UPGRADIENT AND
DOWNGRADIENT GROUNDWATER CONCENTRATIONS FOR THE
CONTAMINANTS OF CONCERN IDENTIFIED IN
THE DRAFT FINAL CLOSURE PLAN (MARCH 1992)
C-DEMO OB/OD SITE
MCCDC, QUANTICO, VIRGINIA
Downgradient Well
Well No., Upgradient Well (MW01) {MW02 or MW03)
Maximum Maximum Maximum Maximum
Groundwatier Groundwater Groundwater Groundwater
Chemical Unfittered (gL} Filtered {ug/L) Unfiltered {ug/L) Filtered (ug/L)
Beryllium 2.0 20U 20U 20U
Aluminum 12,300 68.0B 15,600 116
iron 29,600 87.08 55,300 202
Lead 4.8 20U 53 20U
Tetry! 2.4 - 2.47 -~
B - Not detected substantially above the level reporied in the lab or field blanks.
U - Not detected. The associated number indicates sample concentration necessary to be detected.
C-6 CTO 0299
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TABLE C-7
INORGANICS DETECTED IN SURFACE WATER SAMPLES
C-DEMO OB/OD SITE
MCCDC, QUANTICO, VIRGINIA
Maximum Surface Water SDWA MCL OR VADEG
Chemical Concentration {ug/L) ACL {pg/L)
Aluminum 1,420 -
Antimony <17.0" 6.360%
Arsenic <3.0" 5.0E1%
Barium 113 2.0e3%
Beryliium <2.0" 4080
Cadmium <5.0!" 5.0E0%
Calcium 5,380 -
Chromium <4.0" 1.0E2%
Cobalt <5.7"" 9.4E2%
Copper 7.1 1.3E3
tron 7.610 1.1649
Lead 9.1 15619
Magnesium 3,400 -
Manganese 954 7.3E2%
Mercury <0.2" 2.0E0%
Nickel <g.0t" 3.1E2%
Potassium 1,540 -
Selenium <3.0" 5.0E1%
Silver <2.0 7.8E1%
Sodium 3,750 -
Thallium <3.0 2.0E0®
Vanadium <a.0'" 1.1E2%
Zing 35.6 4.6E3%
1 < - Analyte not detected at the detection above detection limit shown.
2 Virginia Depaniment of Environmental Quality Alternate Concentration Limit, September 10,
1989 Memorandum.
3 Safe Drinking Water Act Maximum Contaminant Level.
4 US Environmental Protection Agency Risk ~ Based Concentration, April 13, 2000.
6909 C-7 CTO 0299
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APPENDIX D

SAMPLING AND ANALYSIS PLAN

At the initiation of final closure a sampling and analysis program will be conducted to provide site
characterization data to evaluate the nature and extent of contamination. This will involve sampling and

analysis of the following media at the C-Demo OB/OD site:

* Surface and subsurface soils;
® Surface water and sediment (including onsite swales as applicable); and
® Groundwater.

A modification to the technical approach presented in this Sampling and Analysis Plan may be warranted
at final closure because of advances in site characterization and analytical methods. Revision to the
Sampling and Analysis Plan would be addressed, as necessary, in an amendment to this Closure Plan,

D1 TARGET ANALYTES

The target analytes and associated SW-846 analytical meathods for the sampling program at final closure
of the C-Demo OB/OD site are identified in Table D-1. This list is based on the primary constituents
of waste munitions and potential OB/OD treatment emissions as discussed in Section 3.0 of the
Closure Plan. These target analytes also include those constituents that exceeded screening criteria (i.e.,
2,4-DNT, arsenic, barium, cadmium, chromium, iron, lead, manganese, and silver) as well as total metals
that were detected at concentrations greater than background during the preliminary site investigations of
the C-Demo OB/OD site (1991). Practical quantitation levels (PQLs) for target analytes {commensurate
with SW 846 analytical methods} will be specified by the laboratory selected at final closure for analytical
support. In general, the analytical methods have been selected so that associated PQLs will be lower
than the lowest expected concentration of the constituent in the samples and/or constituent-specific
risk-based criteria. The analytical lab to be selected at final closure will have developed and wiil follow
QAJQC procedures recommended in SW 846.

D.2 SAMPLING STRATEGY

D.2.1 Soil Sampling Strateqy

A total of 20 soil sampling locations will be used. This will include five local background sampling
locations {outside of but nearby the C-Demo area to facilitate statistical analyses as discussed in

6909 D-1 CTO 0299

ED_001691B_00019891



TABLE D-1

Rev. 0
02/26/01

TARGET CONSTITUENTS FOR SOIL AND GROUNDWATER

MCCDC, QUANTICO, VIRGINIA

PAGE10CF2
Parameter USEPA method no.'" Matrix®
Semivolatile organics SW-B46 8270C Agueous
{Extraction - 3510C or 3520C)
SW-846 8270C Sail
{Exdraction - 3540C or 35508)
Volatile organics (only as warranted SW-846 82608 (low level) Agqueous
based on PID field screening
measurements) Sw-846 82608 Soil
Total metals:™ '@ Aqueous (unfillered/unfiltered))
Soil
Aluminum SW-846 6010B
Antimony SW-846 60108
\Arsenic SW-846 6010B
Barium SW-846 6010B
Beryllium SW-846 6010B
Cadmium SW-846 6010B
Chromium SW-846 60108
Cobalt SW-846 60108
Copper SW-846 60108
lron SW-846 60108
L ead SW-B46 6010B
hManganese SW-846 60108
Magnesium SW-846 60108
Micket SW-846 6010B
Selenium SwW-846 60108
Silver SW-846 60108
Tin SW-846 60108
Vanadium SW-846-6010B
Zing SW-846 60108
TCLP metals™® SW-846 1311/6010B/7000A Series™ Soil
(As, Ba, Cd, Cr, Pb, Hg, Se, Ag)
TCLP semivolatile SW-846 1311 (extraction) Soil
Organics’ 3510B/35208 (extraction)
§270C (analysis)
Cyanide™ (total) SW-846 9010B Aqueous
- Sail
Sultides™ (total) SW-846 90308 Aqueous
Sail
Phosphorus {total) SW-846 365.1,2 01 3 Agqueous
Energetics‘g’ SW-846 8330/8332 Aqueous
Soil
Dioxins/furans SW-846 8290 Soil
{trench locations only)
Nitrates+nitrites USEPA 353.3/"% Aqueous
Soil
Total organic carbon Modified USEPA 4151 Soil
Walkey Black''"
PH SW-846 9045C Aqueous
Soil
6909 D-2 CTO 0299
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TABLE D-1

TARGET CONSTITUENTS FOR SOIL AND GROUNDWATER
MCCDC, QUANTICO, VIRGINIA
PAGE2OF 2

"USEPA Test Meathods for Evaluating Solid Wastes, SW-848, Third Edition, Final Update 11l Dec. 1996.

“Matrix spike/matrix spike duplicate (MS/MSD) analyses for volatile organic compound and semivolatile organic
compound analyses are to be performed at a frequency of one MS/MSD analysis per 20 samples. Likewise, matrix
spike (MS) and laboratory duplicate (LD} analyses for the inorganic fraction analyses are to be performed ata
frequency of one MS and LD analyses per 20 samples.

°For the 6010B analyses, preparation methods 3005A or 3010A are applicable for water samples, whereas
30508 is applicable for soil samples. Method 30508 is also applicable for soil samples for preparation of samples
undergoing analysis by the Inductively Coupled Plasma (axial) 7000A series methods.

“TCLP analyses will be completed only if total metal analyses results indicate that RCRA regulatory levels are
exceeded by a factor of 20 as follows:

Arsenic 5.0 mg/kg x 20 = 100 mg/kg
Barium 100.0 mg/kg x 20 = 2,000 mg/kg
Cadmium 1.0 mg/kg x 20 = 20 mg/kg
Chromium 5.0 mg/kg x 20 = 100 ma'kg
Lead 5.0 mg/kg x 20 = 100 mg/kg
Mercury 0.2 mg/kg x 20 = 4 mg/kg
Selenium 1.0 mg/kg x 20 = 20 mg/kg
Sitver 5.0 mg/kg x 20 = 100 mg/kg

*The 7000A Series analyses include mercury (74704),

® % & & & & B B

*TCLP analysis will be completed only if semivolatite organic analyses results indicate that RCRA regulatory
levels are exceeded by a faclor of 20 {e.g., for nitrobsnzene: 2.0 mg/kg x 20 = 40 mg/kg).

"The method described in SW-846 Section 7.3.3.2 (Test Method to Determine Hydrogen Cyanide Released from
Wastes) will be used to prepare soil samples. The extract will be analyzed using method 90108.

*The method described in SW-846 Section 7.3.4.2 (Test Method to Determine Hydrogen Sulfide Released from
Wastes) will be used to prepare soil samples. The extract will be analyzed using method 9030B.

*The following energetics are to be analyzed using Method 8330:

o HMX s  24-DNT
» RDX e 2,68-DNT
e TNT +  Ortho nitrotoluene
s Tetryl s Meta nitrotoluene
s 1,3,5-Trinitrobenzene e  Para nitrotoluene
« Nitrobenzene +  3,5-Dinitroaniline (degradation product) (LC/MS
e 1,3-Dinitrobenzene modified 8330)
¢ 2-Amino,4,6-Dinitrotoluene s Nitroglycerine (SW-846 8332)
s 4-Amino,4,6-Dinitrotoluene
Note: 3,5-Dinitroaniline will be run using a modified Method 8330, e.g., liquid chromatography/mass

spectroscopy.

" ’:USEPA, March 1979, Methods for Chemical Analysis of Water and Wastes, USEPA - 600/4-799-020, revised
arch 1983,

""The modified USEPA Method 415.1 (also referred to as the Walkey Black method) will be used for analyzing
total organic carbon in soils.

. 2Calcium, magnesium, potassium, and sodium are not included because risk-based health criteria are not
available tor the common nutrients.

6909 D-3 CTO 0298
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Appendix E of the Closure Plan) and 15 within the C-Demo OB/OD site. (Available basewide soil
background data will also be used for statistical analyses and comparison purposes). The general
locations of the background soil locations will be approximately 100 meters outside of the C-Demo area in
a variety of directions to provide spatial variability. The background samples will be representative of the
soil strata at the C-Demo OB/OD site. These locations will be selected to characterize the background

adjacent to the C-Demo area and facilitate sampling access (i.e., near access roads).

Approximately five sampling locations will be randomly selected within “hot spot” areas (e.g., buried pits
and/or trenches) as identified by the geophysical investigations to conducted (as discussed in Section 4.3
of the Closure Plan). The other 10 soil sampling locations will be randomly selected within the C-Demo
OB/OD site but outside of the “hot spot” areas. A random number generator as described in USEPA SW-
846, Chapter 9, will be used to select the sampling locations. A sampling grid with 50-feet spacing will be
used to selected the random sampling locations. Surface soil samples will be collected from 0-6 inches
below the ground surface at each sampling location,

Subsurface soil samples will be obtained only in the “hot spot” areas and those locations that surface soil
concentrations exceeded screening criteria. Subsurface soil samples will be collected at depth sufficient
to document the vehicle extend of contamination.

Verification sampling would also be needed after soil excavation (if necessary} to demonstrate
compliance with risk-based cleanup standards. For verification sampling, two approaches are currently,
and widely, used. This first approach involves taking a minimum of one sampling from each wall of the
excavation pit. Under this approach, all four walls are treated as one entity, and an evaluation of the wall
sampling results would have the same impact on all four walis. With the second approach, a minimum of
four samples for each wall is collected. Then each wall is evaluated separately to determine whether the
sampling results for each wall satisfy the performance standards. The approach (from the alternatives
identified above) to be used at final closure will be at the discretion of MCCDC Quantico, However, the
target analytes for verification sampling will be limited to only those HCOCs needed to demonstrate
compliance with risk-based cleanup standards.

D22 Surface Water and Sediment Sampling

Surface water and sediment samples will be collected from one to five locations (as warranted). These
locations will be selected at final closure based on a site inspection to identify nearby drainage swales

and surface water drainage pathways.

6909 D-4 CTO 0298
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D23 Groundwater Sampling

The existing groundwater monitoring wells {one upgradient and three downgradient) from the preliminary
investigation (1991} at the C-Demo OB/OD site will be resampled at final closure. These results will be
submitted to VADEQ and the need for additional sampling/wells will be evaluated. A separate

Groundwater Monitoring Plan would be prepared as necessary.

D3 SAMPLING PROTOCOLS

All samples collected during closure activities {soil, water, and waste) will be collected in general
compliance with currently acceptable industry standards to ensure, at a minimum, the following concerns
are addressed: cross-contamination, representativeness, and data quality assurance/quality control
(QA/QC). All samples collected must be handled in accordance with Section D.4 and each sample event
must adhere to the QA/QC procedures discussed in Section D.5.

Soil samples will be collected using a hand auger, hollow stem auger, or similar method. Before initiating
coltection activities and between each sample collected, a thorough decontamination cycle must be
performed.

D4 SAMPLE HANDLING

All samples will be labeled to prevent misidentification in the field and at the laboratory. Sample labels

will include at least the following information:

® Site Name ® Preservative

» Sample Number s Type of Sample (Grab or Composita)
® Name of Collector ® Sample Matrix

. Data and Time of Collection ) Analytical Method

Labels will be affixed to the sample containers before or at the time of collection and will be filled out in
indelible ink at the time of collection. Custody seals will be used to prevent unauthorized tampering of
samples following collection and up to the time of analysis. The seal will contain the identical information
as it appears on the sample label. The seal will be affixed in such a way that it is necessary to break the
seal to open the sample container. Seals will be affixed to the sample containers before the samples
leave the custody of sampling personnel. The chain-of-custody record for a given sample is to be

completed before sampling is initiated by the same sampling team at other locations.

6809 D-5 CTO 0288
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The samples will be placed in coolers and preserved according to USEPA protocol while en-route to the

laboratory for analysis. Chain-of-custody forms will be used to document transfer of samples from the
collector to the transporter to the analytical laboratory. All information and documentation pertinent to
field sample will be recorded in a field file or logbook. Sample locations will be marked on site plans and
entered into the field file.

D.S QUALITY ASSURANCE/QUALITY CONTROL

Field sampling QA/QC procedures will include the collection of Equipment Blanks, Trip Blanks, Field
Blanks, and Field Duplicates. Equipment Blanks will be used to indicate whether incomplete
decontamination of equipment or cross-contamination has occurred. Trip Blanks will accompany sample
containers to and from the field. These samples will be used to detect any contamination or cross-
contamination during handling and transportation. Field Blanks will be collected and analyzed to detect
any contamination from sampling equipment or cross-contamination between sampling locations. Field
Duplicate samples will be collected randomly at designated sample locations. These samples will be
analyzed by an independent qualified laboratory and samples will be used to document any variances in
analytical technigue from the primary laboratory. Documentation of the QA/QC sampling and analyses
will be conducted per USEPA SW-846, Chapter 1, and submitted to VADEQ along with the final closure
Sampling and Analysis Report.

D6 DECONTAMINATION OF SAMPLING EQUIPMENT

Decontamination of reusabie sampling equipment will be commensurate with OSWER Directive
9360.4-07, “Compendium of ERT Waste Sampling Procedures,” January 1991. A summary of the
decontamination procedure follows:

® Where applicable, physically remove the material from the sampling equipment using a

mechanical means involving metal or nylon brushes, or high pressure water.

* Wash the eguipment with a nonphoasphorous detergent solution.
» Rinse with tap water.
* Rinse with distilled/deionized water.
o Rinse with 10 percent nitric acid if the sample will be analyzed for trace metals.
§909 D-6 CTO 0299
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® Rinse with distilled/deionized water.
o Rinse with pesticide grade solvent (acetone or hexane) it the sample will be analyzed for
trace organics.
® Rinse with distilled/deionized water.
. Air dry the equipment completely.
In addition, the following measures will be implemented:
. A designated decontamination area will be established before soil sampling. This area

will be lined with an impervious plastic layer. At the end of the sampling event, the area

will be cleaned.

® The decontamination water generated will be stored in clean containers in a designated
area onsite. The decontamination water will be managed as IDW.

) Except for the disposable items, all reusable sampling equipment will be decontaminated
before use in the field, between each sample, and upon completion of ali sampling

activities.

D7 SAMPLING AND ANALYSIS DOCUMENTATION

At the conclusion of the sampling and analysis program at final closure the results will be documented in
the Closure Report and submitted to VADEQ. This Closure Report will include the following sampling and
analysis program information:

® Site characterization summary
° Sampling program
° Analytical program
» Quality assurance program
¢ Hydrogeological evaluation
® Analytical data validation
* Statistical analyses
® Risk-based cleanup goals
8909 D-7 CTO 0299
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The technical approach for statistical analyses and development of risk-based cleanup goals is discussed .
in Appendix E of the Closure Plan.
8909 D-8 CTO 0299
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APPENDIX E
RISK ASSESSMENT PROTOCOL

Risk-based closure standards will be established for HCOCs that are significant compared with
background and exceed USEPA Region Il Risk-Based Concentrations or applicable groundwater

evaluation criteria. The risk-based closure standards will ensure the following:

Total cumulative Hazard Index (Hi) of 1.0 or less for noncarcinogens:

s Total cancer risk in the range of 1E-04 to 1E-06 for individual carcinogens;
@ Total cancer risk of 1E-04 or less for all carcinogens; and
® Concentrations of HCOCs remaining at the site will not result in contamination of other

environmental media of concern, including the groundwater underneath the unit,

The risk assessment protocol to be used for the implementation of these standards is based on current
VADEQ guidance. A modification 1o this technical approach may be warranted at final closure because of
potential updates to VADEQ guidance. These revisions to the risk assessment protocol would be
addressed, as necessary, in an amendment to the Closure Plan.

Compliance with the closure standard may be verified by comparing the concentration of each of the
HCOCs that fails background comparison with the risk-based cleanup goals. To estimate the risks
presented by the chemicals, a risk assessment shall be conducted in accordance with VADEQ's
Guidance Document and Submission Package for Site Remediation and Cleanup Using Health-Based
Standards — Risk Exposure and Analysis Modeling System (REAMS), November 1, 1994.

The principal components of the REAMS evaluation are the following:

. Site evaluation
® Development of a site conceptual exposure model
o Statistical analyses and identification of HCOCs for further evaluation
» Toxicity assessment
® Exposure assessment
® Evaluation of risk.
6909 E-1 CTO 0298
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Future land use of the C-Demo OB/OD site after final closure is not known at this time. Thersetore,
initially, residential exposure will be assumed for the purpose of attempting to document unrestricted
closure of the soil. If the residential soil cleanup goals are not exceeded, unrestricted closure of soil will
have been documented. If the residential soil cleanup goals are exceeded, then the option to pursue
restricted closure (commercialindustrial) will be exercised. Associated with the commercialfindustrial
exposure scenario would be the requirement to enact a deed restriction that eliminates the possibility of
future residential use of the site. The requirements for establishing such a deed restriction are detailed in
VADEQ's Guidelines for Developing Health-Based Cleanup Goals Using Risk Assessment at a
Hazardous Waste Site Facility for Restricted Industrial Use, dated June 1985,

This risk assessment process and results will be documented in the Closure Report to be submitted to
VADEQ upon completion of final closure. This information to be included will be commensurate with
submission instructions contained in Appendix IX of the REAMS Guidance and information from the

sampling and analysis program as identified in Appendix D.7 of the Closure Plan,

E.1 SITE EVALUATION AND SITE CONCEPUTAL EXPOSURE MODEL

The site evaluation input to the risk assessment will consist of results from the sampling and analysis
program at final closure as well as identification of potential receptors {as a function of future land use).
This information will be used o develop a site conceptual exposure model that depicts all potential
exposure routes and media for the site and the receptors that may be exposed.

E2 STATISTICAL ANALYSES AND IDENTIFICATION OF HCOCs FOR FURTHER
EVALUATION

HCOC's selection for further evaluation involves the identification of those constituents detected in the
final closure environmental samples that may be related to the use of previous waste management
practices and whose concentrations exceed statistical background levels. If no contaminants are
detected in the soil, it will be assumed that the site meets the requirements of unrestricted closure.
VADEQ approval is required before such a conclusion is reached. If contaminants are detected in soil but
they do not exceed background levels, no further risk-based evaluation will be required. Constituents of
concern having concentrations that are statistically greater than background concentrations will be
subject to REAMS evaluation to estimate the risks.

6909 E-2 CTO 0299
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E22 Statistical Analysis of Solls

The Wilcoxon Rank Sum Test will be used to evaluate the statistical significance of soil sampling results
from the C-Demo OB/OD site compared with background data. If an alternate statistical test is warranted
based on sampling results at final closure the approach selected will be commensurate with available
VADEQ guidance.

The Wilcoxon rank Sum test is a nonparametric test used for comparison of the median of the
background data with the median of the compliance data. The test assumes the distributions of the two
datasets are the same. A minimum of five background samples and five compliance samples is needed
to perform this test. The advantage of the Wilcoxon test is the small number of samples needed to
perform the test. The disadvantage is that the test assumes uniform contamination exists at the site.
Therefore, as indicated in Appendix D of the closure plan one set of samples will be collected within
potential “hot spot” areas and the second set from the remainder of the C-Demo OB/OD site.

The sampling data from the C-Demo OB/OD site will be compared with local background (i.e., nearby but

outside of the C-Demo area) as well as with available basewide background (i.e., 110 soil samples
collected from 56 locations within MCCDC Quantico),

E.23 Statistical Analysis of Groundwater

Statistical analysis of groundwater data for final closure of the C-Demo OB/OD site will include the

following:
® Qutliers
* Testing of normality
® Missing data
. Evaluation of data below detection limits or quantitation limits
- | Selection of statistical method
. Verification sampling strategy (optional)
® Comparison of compliance well data to a standard

The technical approach will be specified in the Groundwater Monitoring Plan (to be prepared before final
closure} and will be commensurate with applicable VADEQ guidance at the time of final closure.

€909 E-3 CTO 0298
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EJ TOXICITY ASSESSMENT

The following toxicity value information sources and hierarchy will be used commensurate with the
REAMS Guidance:

o USEPA Integrated Risk Information Systemn (IRIS)

J USEPA Health Effects Assessment Summary Tables (HEAST)
» USEPA Environmental Criteria and Assessment Office

» Agency for Toxic Substances and Diseases Registry (ATSDR)

These information sources will be used to obtain updated HCOC-specific toxicity data at final closure.

The two principal indices of toxicity used in risk assessment are the chronic reference dose (RfD) and the
chronic slope factor (CSF) for carcinogens. An RiD is the intake or dose per unit of body weight (mg/kg-
day) that is unlikely to result in adverse (noncarcinogenic) effects to human populations, including
sensitive subgroups (e.g., the very young or elderly). The RID allows for the existence of a threshold
dose below which no adverse effects occur. A related value, the reference concentration (RfC), is used
to evaluate the noncarcinogenic health effects from inhalation exposure to chemicals of concern. The
RIC is expressed in terms of mg/m®. The RFC can be converted to an inhalation-specific RID by
assuming an inhalation rate of 20 m>/day and a body weight of 70 kg.

The CSF is used to express the cancer risk attributable to a discrete unit of intake, that is, the cancer risk
per milligram ingested per kilogram of body weight per day (mg/kg-day’). The CSF is an estimate of the
upper-bound probability of an individual developing cancer as a result of exposure to a particular
carcinogen. Unlike the RID, the CSF assumes that there is no threshold dose below which the probabifity
of developing cancer is zero. Note that CSFs are only developed for those chemicals that have been
shown to be carcinogens in humans or in at least several animal species. A carcinogenic weight of
evidence rating is used to describe the strength of the experimental evidence for carcinogenicity. USEPA
has developed CSFs for most chemicals with weight of evidence ratings of “A” (known human

carcinogen) or “B" (probable human carcinogen).

RiDs and CSFs are derived by the USEPA for the most toxic chemicals generally associated with
chemical releases to the environment for which adequate toxicological data are available. If both the

6909 E-4 CTQ 0299
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carcinogenic and noncarcinogenic effects of a particular compound are significant, both values may be

established. However, in most cases only one value is available.

EA4 EXPOSURE ASSESSMENT

This assessment will be used to guantify exposures that individuals may have to the HCOCs that are
present at or potentially migrating from the site. The results of this assessment will be used to document

the current and future exposure potential posed by the site.

Exposure routes will include ingestion, dermal absorption, and inhalation of vapors and dust particles as
identified in the site conceptual exposure model. The formuias and default variable values are presented
in Taples £-1 through E-4, commensurate with REAMS Guidance. Fate and transport modeling will be

performed to assess residual soil contamination impacts to groundwater based on the REAMs Guidance.

As part of the REAMS evaluation, fate and transport modeling is necessary to demonstrate that the
remaining concentrations of contaminants of concern in the soil will not result in contamination of other
environmental media, including groundwater beneath the site. For modeling purposes, HCOC properties
needed as input to REAMS will be based on site-specific data or appropriate default data based on site

conditions.
E.5 EVALUATION OF RISKS
E.5.1 Human Health Cancer Risk

For carcinogenic chemicals, risk estimates represent the incremental probability that an individual will
develop cancer over a lifetime as a result of a specific exposure to a carcinogenic chemical. These risks

are calculated as follows:

Cancer Risk = LADD « CSF Equation E-1
where
LADD = Lifetime average daily dose (mg/kg-day)
CSF = Cancer slope factor {mg/kg-day)”
6909 E-5 CTO 0299
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TABLE E-1
EXPOSURE VARIABLES INCLUDED IN TABLES E-2 THRU E-4
MCCDC, QUANTICO, VIRGINIA
PAGE10OF2
Symbol Term Unit Value Reference
ABS Absorption factor - User specitied
AF Adherence factor - 1.45 ac
AT, Avsraging time carcinogens days 25550
AT, Averaging time noncarcinogens days ED x 365
BW, Body weight adult kg 70
BW, Body weight child kg 15
CF Conversion factor - 0.000001 -
Cs Chemical concentration in soil mg/kg-day User specified
Ccw Chemical concentration in water mg/l User specified
ED. Exposure duration child Years 6
EDuia Exposure duration for Years 30
ED carcinogen total or residential
ED® Exposure duration occupational Years 25
EF Exposure frequency residential Days 350
ET Exposure time hrs/day c, d
Generalfoccupational 8.0
Groundwater 0.2
Surface water — ingestion 26
Surface water — dermal 26
Air — inhalation 24.0
Fi Fraction ingested b
Residential 1.0
Occupational 0.5
IRA, Inhalation rate air adult m°/day 20 b
IRA i Inhalation rate — air adjusted - 11.66
IRA, Inhalation rate child m°/day 12 b
IRA, Inhalation rate adult m3/day 20 b
IR Ingestion rate food kg/day 0.28 c,d
Fruit/veggies 0.122
Fish 0.054
IRS, Ingestion rate soil adult ‘mg/day 100 b
RS, Ingestion rate soil child mg/day 200 b
IRS.4 Ingestion soil adjusted - 114.29
RS, Ingestion rate soil child mg/day 200 b
IRW, Ingestion rate water aduit L/day 2 b
IRW 4 Ingestionwater adjusted L-y/kg-d 1.09
IRW, Ingestion rate water child Liday 1 b
6909 E-6 CTO 0299
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TABLE E-1
EXPOSURE YARIABLES INCLUDED IN TABLES E-2 THRU E-4
MCCDC, QUANTICO, VIRGINIA
PAGE20OF 2
Symbol Term Unit Value Reference
K Volatilization factor, water to air - 0.5
PC Permeability constant cm/hr User specified b
PEF Particulate emission factor Kakm3 6.789926E08 f
SAW, Surtace area child
Groundwater dermal cm’ 7500
Surface water dermal b, e
Surface area soil em?/event
SAS, Occupational-adult 4500 e
SAS, Child 1875
SAS,.q Surface area soil adjusted cm’/event 2290
SAW, Surtace area for water contact cm? 820 b
adult
SAW .4 Surface area for water contact cm?/event 9200
VF Volatilization factor, soil to air kg/m* User specitied
References:
a. Risk Assessment Guidance for Superfund, Volume |, EPA/540/1-89/002, Decernber 1889,
b. Region Il values
C. Exposure Factors handbock, EPA/600/8-83-043, July 1989
d. Human health evaluation manual supplemental guidance, OSWER Directive 8285.6-03.
March 25, 1991.
e. Dermal Exposure Assessment, Principles and Applications, Interim Report,
EPA/600/8-91/011b. January 1992.
f. Technical Background Document for Draft Soil Screening Level Guidance. Office of Solid
Waste and Emergency Response. EPA/S40/R-94/101. December 1894,
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RISK ASSESSMENT ALGORITHM FOR CARCINOGENIC EXPOSURE
MCCDC, QUANTICO, VIRGINIA

Lifetime Average Daily Dose {mg/kg-day)

Exposure Occupational/
Route Residential Exposure Industrial Exposure
Groundwater
Ingestion CW x IRW,, x EF CW x IRW, x EF, x ED,
AT, BW, x AT,
Inhaiation CW x 1RA,; x EF x K CW x IRA, x EF, x ED, x K
AT, BW, x AT,
Dermal CW x SAW,, x PC x ET x EF x CF CW x SAW, x PC x ET x EF, x ED, x CF
AT, BW, x AT,
Soil
Ingestion CS xIARS,y x CF x FI x EF CSxIAXxCFxFlxEF, xED,
AT, BW, x AT,
Dermal CS xCF x SASadj x AF x ABS x EF CS x CF x SAS, x AF x ABS x EF, x ED,
AT, BW, x AT,
Inhaiation of CS x IRS,y x EF C5 xIAA, x EF, x ED,
vaporizing VOCs AT. x VF VF x BW, x AT,
from soil ‘ ,
Inhalation of CS x EF x IRS, CS xIRA, x EF, x ED,
emitting particles AT, x PEF PEF x BW, x AT,

from soil
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RISK ASSESSMENT ALGORITHM FOR NONCARCINOGENIC EXPOSURE
MCCDC, QUANTICO, VIRGINIA

Lifetime Average Daily Dose (mg/kg-day)

Exposure Occupational/
Route Hesidential Exposure Industrial Exposure
Groundwater
Ingestion CW x IRW, x EF x ED, CW x IRW, x EF, x ED,
BW, x AT, BW, x AT,
Inhalation CW xIRA, x EF x ED, x K CW xIRA, x EF, x ED, x K
BW, x AT, BW, x AT,
Dermal CW x SAW, x PC x ET x EF x ED_ x CF| CW x SAW, x PCx ET x EF, x ED, x CF
BW, x AT, BW, x AT,
Soil
Ingestion CS xIRS, x CF x Fi x EF x ED, CS xIRS, xCF x Fl x EF, x ED,
BW, x AT, BW, x AT,
Dermal CS x CF x SA, x AF x ABS x EF x ED, | (S xCF x SA x AF x ABS x EF, x ED,
BW, x AT, BW, x AT,
Inhalation of CS x IR, x EF x ED, €5 x IR, x EF, x ED,
vaporizing VOCs AT, X VF BW. x AT, x VF
from soil
Inhalation of CS x IR, x EF x ED, CS x IR, x EF, x ED,

emitting particles
from soil

BW. x AT, x PEF

BW, x AT, x PEF
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TABLE E-4
AGE-ADJUSTED FACTORS .
MCCDC, QUANTICO, VIRGINIA
ED iR -
IH Aadj - CB; AC + (ED ot BEVE’)IC) X IHA&
¢ a
ED, x IRW ED,, - ED.) x IRW
IRWadj - CBW c +( fot ij E]
c a
SAW,,, - ED, ;WSAWC , (EDyy = Zﬁ)/;) x SAW,
c a
ED. x IRS (ED,,, —ED.) x IRS
IHSadj — CBW c + fo! BM;‘.‘ a
c a
ED -
SAS,y = ::9:; SA, + (EDyy BE£C) x 8A,
c a
Note regarding age-adjusted factor: .

Because contact rate with tap water, ambient air, and residential soil is different for children and adults,
carcinogenic risks during the first 30 years of life were calculated using age-adjusted factors. These
factors approximate the integrated exposure from birth until age 30 by combining contact rates, body
weight, and exposure durations for two age groups — small children and adults.
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Within a specific exposure pathway, receptors may be exposed to more than one COPC. The total risk

associated with exposure to all HCOCs through a single exposure pathway is estimated as follows:

Total Cancer Riskp = Z‘_ Cancer Risk; Equation E-2

where

Total Cancer Riskp = Total cancer risk for a specific exposure pathway
Cancer Risk HCOC, = Cancer risk HCOG, for a specific exposure pathway

At particular exposure scenario locations, receptors may be exposed through a number of exposure
pathways (as identified in the site conceptual exposure model). Risks from multiple exposure pathways
should be summed for a given receptor specific to each recommended exposure scenario. That is, risks
should be summed across the receptor-exposure pathway combinations that are identified in the site

conceptual exposure model. The total risk posed to a receptor is the sum of total risks from each

individual exposure pathway expressed as follows:
Total Cancer Risk; = p Total Cancer Riskp Equation E-3
where

Total Cancer Risk = Total cancer risk from multiple exposure pathways

E.5.2 Human Health Noncancer Effects

Standard risk assessment models assume that noncarcinogenic effects exhibit a threshold, that is, there
is a level of exposure below which no adverse effects will be observed. The potential for noncarcinogenic
health effects resulting from exposure to a chemical is generally assessed by (1) comparing an exposure
estimate to an RiD for oral exposures, and {2) comparing an estimated chemical-specific air concentration
to the RIC for direct inhalation exposures. An RID is a daily oral intake rate that is estimated tc pose no
appreciable risk of adverse health effects, even to sensitive populations, over a specific exposure
duration. Similarly, an RfC is an estimated daily concentration of a chemical in air, the exposure to which
over a specific exposure duration poses no appreciable risk of adverse health effects, even to sensitive
poputations.
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The comparisons of exposure estimates and HCOC-specific air concentrations to RfD and RfC values,

described above, are known as hazard quotients (HQ), which are calculated as follows:

HQ = ADD or for the air pathway HQ = Ca
RID RfC

Equation E-4

where

HQ = Hazard quotient {unitless)

ADD = Average daily dose (mg/kg-day)

Ca = Total HCOC air concentration (mg/m®)
RtD = Reference dose (mg/kg-day)

RIC = Reference concentration {mg/m>)

The total noncarcinogenic hazard attributable to exposure to all HCOCs through a single exposure

pathway is known as a hazard index (HI}.

Hip = Z,- HQ, Equation E-5

where

Hlp = Total hazard for a specific exposure pathway
HQ, = Hazard quotient for HCOC,

This summation methodology assumes that the health effects of the various HCOCs to which a receptor
is exposed are additive. Specifically, this methodology is a simplification of the HI concept because it
does not directly consider the portal of entry associated with each exposure pathway or the often unique
toxic endpoints and toxicity mechanisms of the various HCOCs.

A receptor may be exposed to HCOCs associated with noncarcinogenic health effects through more than
one exposure pathway. For the purposes of the risk assessment, it is reasonable to estimate a receptor's
totai hazard as the sum of the Hls for each of the exposure pathways identified in the site conceptual
exposure model. Specifically, a receplor's total hazard is the sum of hazards from each individual
exposure pathway, expressed as follows:

Total Hi = z p Hip Equation E-6
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ED_001691B_00019891



Rev. 0
02/26/01

where

Total HI = Tetal hazard from multiple exposure pathways

All total His exceeding the target hazard level will be further evaluated. The total Hi for an exposure
pathway can exceed the target hazard level as a result of the presence of either (1) one or more HCOCs
with an HQ exceeding the target hazard level, or (2) the summation of several HCOC-specific HQs that
are each less than the target hazard level. In the former case, the presence of at least one HCOC-
specific hazard greater than the target hazard level is interpreted as indicating the potential for
noncarcinogenic health effects. In the latter case, a detailed analysis is reguired to determine whether
the potential for noncarcinogenic health effects is accurately estimated by the total Hl, because the
toxicological effects associated with exposure to multiple chemicals, often through different exposure
pathways, may not be additive; therefore, the total HI may overestimate the potential for noncarcinogenic
health effects. To address this issus, HCOC-specific hazards will be summed according to major health
effects and target organs or systems. It is especially important to consider any differences related to
exposure route; this process is referred to as the segregation of the HI. Technically, segregation of the Hi
based only on target organs or systems is a simplification of HI. Ideally, the HI should be segregated
considering also the often unique mechanisms of foxicity of the various compounds to which receptors
may be exposed. However, segregating the Hi based on mechanisms of toxicity is beyond a screening
level or initial risk evaluation approach.

The highest segregated HI resulting from this process is considered. If the segregated Hl exceeds the
target hazard level, there is a potential for noncarcinogenic health effects. However, if the segregated Hi
is less than the target hazard level, the total HI of all HCOC-specific results likely is too conservative, and
noncarcinogenic health effects are not likely to result from exposure to HCOCs.

E.5.3 Ecosysiem Risk Considerations

Risk-based cleanup goals will also be based on ecosystem risk considerations pursuant to the REAM
Guidance {see Figure E-1). i only a single detected HCOC for which a surface water qualily criteria
{(WQC) has been adopted by the Commonwealth of Virginia as a standard for specific use, the WQC will
be the cleanup level. For single or multiple detected HCOCs with no promulgated standards, the cleanup
levels will be established on a case-by case basis considering ecological "end points”. An ecological end

point is the physical or biological parameter characteristic of the ecosystem.
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Figure E-1 Ecosystem Risk Considerations
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If risk-based human health cleanup goals are not in compliance with the promulgated ecological

standards, the promulgated ecological standards will be the cleanup levels.

E6 REFERENCES

Virginia Department of Environmental Quality (VADEQ), November 1894. Guidance for Development
and Submission Package for Site Remediation and Cleanup Using Health Based Standards - Risk
Exposure and Analysis Modeling System (REAMs). Richmond, VA.

Virginia Department of Environmental Quality (VADEQ), June 1885, Guidelines for Developing Health-

Based Cleanup Goals Closing Risk Assessment at a Hazardous Waste Site Facility for Restricted
Industrial Use. Richmond, VA,
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APPENDIX F

EXAMPLE CERTIFICATION OF CLOSURE

Closure activities have been conducted in accordance with the VADEQ-approved Closure Plan, dated

, with the exception of the variations to the approved plan addressed in Section _____ of this
report. Based on the information provided in this repont, the work performed at the site satisfies the
ciosure performance standard in 9 VAC 20-60-264.B.

This statement presents the professional opinion of the undersigned that is based on knowledge,
information, and belief formulated in accordance with commonly accepted procedures consistent with
applicable standards of practice. This statement dees not constitute a guarantee or warranty, either

express or implied.

Signature

Title

Date

| hereby certify that based on my inquiry of the person or persons who manage the work, or those
persons directly responsible for gathering information, the information submitted is 1o the best of my
knowledge and belief true, accurate, and complete, and the site has been closed in accordance with the
approved Closure Plan.

Signature

Title

Date
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APPENDIX G-1
LANDFILL CAP TESTING METHODS
1. ASTM D2922 is a nuclear method and ASTM D2937 is a drive cylinder method.
2. At least one test should be performed each day soil is compacted and additional tests should be

performed in areas for which QA personnel have reason to suspect inadequate compaction.

3. Every 20th sample tested with ASTM D2322 or ASTM D2937 will be tested {as close as possible
to the same test location) with the sand cone {ASTM D1556) or balloon method (ASTM D2167) to
aid in identifying any systematic calibration errors with ASTM D2922 or ASTM 2937. Methods
ASTM D1556 and ASTM D2167 may be used in ligu of ASTM D2822 and ASTM D2837.

4, ASTM D3017 is a nuclear method and ASTM D4643 is microwave oven drying.

5. Every 10th sampls tested with ASTM D3017 or ASTM D4643 will be also tested by direct oven

drying (ASTM D2216}) to aid in identifying any significant, systematic calibration errors with ASTM
D3017 or ASTM D4643.
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APPENDIX H
POST-CLOSURE CARE INSPECTION CHECKLIST
ltem Type of Problem Status
Cap a. Uniformity of Surface
b. Any visible damage
c. Imperfections, holes, cracks, thin, spots, foreign
material
d. Evidence of settling/subsidence
e. Evidence of erosion
Vegetation a. General condition
b. Foreign items, trees, bushes, etc.
Groundwater a. Any visible damage to cap, casing, annular seal, or
Monitoring Wells cther problems
Survey Benchmarks a. Integrity and free of obstructions or debris
Fence a. Any visible damage to fence
Sign(s) a. Any visible damage or obstructions
Other Security Control | a. Integrity and functioning
Device(s)
Run-On and Run-Of a. Integrity
Control Measures b. Functioning
Cover Drainage a. Integrity
System b. _Functioning
Leak Detection a. Monitoring results indicale leaks or system problems
System b. Integrity
¢. Functioning
Leachate Collection a. Monitoring results indicate system problems
and Removal System | ¢ Integrity
¢. _Functioning
Gas Venting System a. Integrity
b. Functioning
Miscellaneous:
Inspector's Name:
Date/Time of Inspection:
Supervisor contacted when any problems are detected:
Corrective action taken:
Other remarks:
Supervisor's signature:
Note: All completed checklists will be filed by the owner/operator.
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